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FOREWORD 


The present study by Professor MeCloy and his associates is 
devoted to an analysis and evaluation of measurements appropriate 
for the physieal appraisal of the child. 'The argument is that in 
estimating health such appraisal is coórdinate with the more com- 
monly employed practices of family pua physieian's examina- 
tion and laboratory analysis. 

There is presented in the monograph a critique of the principal 
measures available for determinations of weight, fat, limb girths 
and breathing capacity. In recommending procedures, the author 
keeps in mind the practical demands of the school or clinie situa- 
tion. Thus the prediction of optimum weight is based upon simple 
measures of height, weight, chest circumference, width of hips and 
width of knee. Standard landmarks, instruments and techniques 
of measurement are described and illustrated. 
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CHAPTER I 


THE SELECTION OF ANTHROPOMETRIC 
MEASUREMENTS FOR THE PURPOSE 
OF EVALUATING PHYSICAL STATUS 


The White House Conferenee (1932) on Child Health and Pro- 
tection has focused the attention of the country on the great ad- 
vanees that have been made during the last half century in the 
methodology of health serviee and proteetion. The era when society 
assumed no responsibility for the physieal and mental health of 
the ehild, but left it all to the parents and, perchance, to the family 
physician, has passed forever from the United States. It is true 
that society does not fully accept this responsibility in every com- 
munity, but when it fails to do so, it does so apologetically. 

In the total picture of the health supervision, health service, and 
health instruction of our citizens, young and old, there is one 
clement which is essential for the most adequate service to the in- 
dividual, and that is the accurate appraisement of his present 
physical and health status. 

There are at least four methods of appraising the health of the 
child, each of which contributes certain specific informations, but 
no one of which is an entirely adequate record of the child’s phys- 
ical condition. 

The first of these methods is to study the history of the child 
and his immediate ancestors in so far as this applies to health. This 
concerns itself with the health conditions and length of life of the 
parents, grandparents, and others close to the child’s direct line 
of descent. This is one of the methods commonly used by physi- 
cians and is of help in the total appraisement of the child’s prob- 
able health condition, but, taken by itself, is apt to be extremely 
misleading. It is above alla record of the past, and all happenings 
of the child’s past, both in his own life and in the lives of his 
ancestors, were compounded of hereditary and environmental fac- 
tors, and we can never be quite sure which of these elements pre- 
dominated at any given time. The child may have escaped from 


some of the environmental ruts of his forefathers, and other influ- 
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ences may have entered in. Hence, this method of health appraise- 
ment, while of value, cannot be relied upon entirely. 

The second method is that of a physician’s physical diagnosis. 
(In this discussion the ‘‘ physical diagnosis" is assumed to be that 
part of the medical examination which does not utilize laboratory 
tests.) In this kind of appraisement the physician examines the 
various important organs of the body as best he can, interprets his 
findings in the light of his experiences, and comes to a reasoned-out 
conclusion. This type of examination is chiefly a search for de- 
partures from the ‘‘normal.’’ It is not apt in distinguishing be- 
tween various gradations of health, for with the healthy child the 
findings are likely to be marked ‘‘negative.’’ It states merely that 
the child, in so far as the examiner ean tell, is not sick. 

The third method of examination utilizes such measurements as 
blood pressure, the analysis of the body secretions, the analysis of 
the body exeretions, blood count, haemoglobin, basal metabolism, 
and the X-ray. The addition of these methods of clinical or lab- 
oratory diagnosis achieves greater accuracy and throws less strain 
upon the subjective judgments of the examiners. These methods 
of measurement are increasing in number and completeness year by 


year, but there are still great gaps between the need and the ae- 
complishment. 


All of the methods presented above are important. All three are 
used by the competent physician. 
the second are often used in routi 
schools. 


The first, and, more frequently, 
ne medical examinations in the 


The fourth method of appraisement, that of 
Measurements, which is not yet as commonly used as the other 
three, supplements the information given by them. This method 
utilizes the physical measurement of the body structures. It will 
increasingly overlap the lahoratory diagnosis method as medical 
measurements become more quantitative and objective, 

By the term anthropometric measurements is mean 
measurement of certain structures and functions of the body. 
Measurement of structures ineludes the measurement of total 
height, width of shoulders, chest, hips, and knee, depth of chest, and 
such measures of bulk as weight. By measurement of function is 
meant such measurements as the frequency of the pulse rate and 
the arterial and venous blood pressure. Some measurements, such 
as that of the breathing capacity of the lungs, are on the border 


anthropometric 


t the objective 
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line between measurements of structure and measurements of 
function. 

All of these measurements are, in the main, purely objective. 
There are some small subjective elements encountered, such as in- 
dividual differences between measurers in the amount of pressure 
exerted through the instrument, differences of standards in such 
measurements as the diastolic blood pressure, the response of the 
subject in such items as the posture assumed while being measured, 
and the emotional responses which sometimes influence the cardio- 
vascular phenomena. 

There are numerous factors, such as differing natural immunities 
to specific diseases, or the hereditary differences in the quality of 
the organs, which have perhaps even greater influence on the health 
and physical condition of the individual, which at the present time 
are not subject to accurate objective measurement. The nearest 
approach to securing information concerning these variables, at 
least in the usual routine of school examinations and the examina- 
tion in the office of the family physician, is that afforded by the 
personal and family history of the subject. The story told by the 
anthropometric measurements is that of present status as to nutri- 
tional and developmental condition, respiratory functioning, rel- 
ative basal metabolism, ete., but there is the possibility of large 
variations in individual susceptibilities to specifie diseases which 
may alter the picture in any given person. The medical examina- 
tion is, of course, subject to the same limitations. 

The medical examination, as usually conducted, states that cer- 
tain diseased conditions are or are not present; but it does not 
state, except as the physician may deduce from shrewd observation 
based on experience, what the quantitative condition of health may 
be. The anthropometric appraisement of the physical status offers 
a fair approximation to a measurement of the present health status 
of the individual, but, like the medieal appraisement, it is not 
complete and it must be used with due regard for its limitations. 
It is much better adapted to detecting conditions that are the re- 
sults of health changes over a considerable period of time than it 
is to detecting day by day fluctuations, suchi a$ might be produced 
by sudden and acute, but mild, diseases. This is an asset, however, 
as the importance of long time changes is mici greater to the school 
than is the detection of minor fluctuations. Where the medical ex- 
it should be used, but purely negative find- 


amination is available, 
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ings in this examination — partieularly where such examinations 
are conducted as rapidly and superficially as is frequently done in 
the publie sehools — should not be permitted to lead to the assump- 
tion that the child is perfectly healthy. 

The anthropometrie examination may, and frequently does, un- 
cover conditions fully as important as some of the positive medical 
findings. We refer to conditions of relative malnutrition, poorly 
developed or relatively diminishing breathing capacity, high basal 
metabolie rate, and generally poor eondition. "The anthropometric 
examination will frequently suggest incipient physical disorders 
that are not sufficiently advanced to be detected as specifie pathol- 
ogies by the physician. Anthropometric measurement for the ap- 
praisement of physical condition is an aid and a supplement to, but 
in no way a substitute for, the medical examination, It ean be 
applied by trained persons who are not physicians, and it will guide 
the health administrator to an appropriate medical follow-up of the 
conditions found. 

This series will report such studies as bear upon this general 
plan for the evaluation of physical status, and present certain stand- 
ards evolved from those studies, This first volume will be confined 
to studies concerned with the selection of the best anthropometrie 
measurements for this purpose. Students of physical anthropology 
have proposed a very large number of measurement techniques and 
many variations of the individual measurements. It is the task of 
this volume to assay such of these as apply to the 
termining physical status and to choose from this 
best adapted, directly or indirectly, 
status with the greatest accuracy a1 
fieulty. 

The aim of this series of studies is to produce methods that will 
serve the individual for his welfare, To this end we have made 
many compromises between complete scientific accuracy and ad- 
ministrative convenience. Experience has demonstrated that an- 
thropometrie measurements which are to be used in the schools and 
in infant clinies, if their use is to be at all widespread, must be 
such that they ean be administered and interpreted by others than 
the medical profession alone. This is at present primarily a matter 
of eost. Hence, these measurements will usually be given and in- 
terpreted by the school nurse, the teacher of physical education, 
and others interested in the child’s physical welfare whose services 


problem of de- 
number those 
to the measurement of physical 
nd the least administrative dif- 
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ean be obtained without extra fee. Therefore, the methods used 
must be simple enough to be very easily learned and applied. If 
the computations and tables used consume too much time or are 
too complicated, regardless of their scientifie accuracy, they will not 
be used extensively. In every ease, therefore, we have striven not 
only for accuracy and adequaey of measurement but for simplicity 
as well. 

In subsequent volumes, standards for the appraisement of phys- 
ical status, together with tables for their convenient application, 
will be developed and presented, in addition to other helpful ad- 


ministrative measures. 


CHAPTER II 


INDIVIDUAL DIFFERENCES IN 
PHYSICAL CONSTITUTION 


Early anthropometrie standards in most eases were based upon 
averages of measurements taken on many types and builds of 
people with nationality, sex, and age constant. This ignored the 
faet that departures from the average are frequent, and yet are 
not to be considered as abnormal. On the other hand, at a rela- 
tively early date a number of anthropometrists and physicians 
recognized the fact of individual differences in build and attempted 
to classify individuals into a small number of categories. These 
classifications have usually assumed a relatively tall, slender type 
at one extreme and a relatively shorter but stockier type at the 
other. In general, an intermediate or ‘‘normal’’ type has been 
placed in between. Variants of some of these types have been 
proposed by a few of the authors. In the tabulation on the follow- 
ing page will be found a summary of the most important studies 
and writings on this problem. 


METHODS FOR CLASSIFYING BODY BUILDS 


The methods used for classifying the different body builds may 
be roughly divided into four general types. 
Indices of Build 

One type of classification is that which uses definite indices of 
build based upon index numbers with height as the denominator, 
The following indices have been proposed: 


Weight ` Weight | Weight . Weight ` 1 Weight 
Height ^" Height?’ Heightz.5 ? Height» ? Bi Height 


Indices of this type have been studied at this Station by plotting 
the mean weight for each height for each sex at each year of age 
and fitting curves to the results (21, p. 28-34). Kelly found the 
; , Weight —MÁ 

index o "Height to be the most satisfaetory one for males (the 
Weight 


actual exponent of Height was 3.042), and Height?» to be the 


15. 
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Weight 


most satisfaetory for females. "Height 


differed very slightly 
from this eurve. R 

Since weight is a measure of volume and volumes grow accord- 
ing to the cube of the linear dimension, one would expect, a priori, 
what Kelly found to be true, that the best index would be either 

WERE E 

yant or Gs, When no exponent is used, as in the 
Tube index, the average index inereases greatly as the height 
increases, for the weight increases proportionately much faster 
than does the height. Within the same physiological age group, 
this is not true when both weight and height are reduced to the 
same power. 

In studying distributions of these indices, it was found that the 
Weight. index gives a more normal (and less skewed) distribu- 
Height 


Veight Se 
tion than does the Weight, . It possesses the additional advantage 
Height 
of being very much more quickly and accurately computed on a 
" ; NVOBhO S e i 
slide rule than is the Height index. Hence, we propose it as 


the most desirable of this group. 
In the same category of index numbers we find three others 
Weight S 
"Bitüng Height (Von Pirquet) was proposed 
rather arbitrarily and has in general been rejected by the anthro- 
pologists who have studied it. (2) Sitting Height. 


Height 
in the stockier type the legs will be much shorter and in the linear 


proposed: (1) 


assumes that 


Y iri H 
type the legs will be much longer. (3) Chest Cireumferenee _ 
Height 
assumes that stockiness and a relatively large chest are very closely 


Y “ a 

related. The De ee index gives essentially the 
same information as does the weight index. In two groups of 
young adults the chest circumference (corrected for fat) correlated 
; Normal Weight . 1 
FEDES Cr E index gave a correlation coefficient 


Sitting Height 
f .89 for males and .80 for females, US Height 
o or females Height when cor- 


against the 
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Weight 
Height 
Sitting Height a correlated swith Chest Cireumference 
Height Height 
Chest Circumference 
Height 
index agree reasonably well. The other is not consistent with the 
weight index or with the chest circumference index, and if it is of 
value, it is for some other purpose. 
The advantage of this index type of determiner of build is that 
it makes no attempt to develop arbitrary and separate categories, 
Dut assumes a continuous distribution from one end of the group 


related against gave a correlation of only .21 for males, 


while 


gave only .20. Apparently and the weight 


to the other. 


Subjective Determination of Categories 

A second type of classification of build is one which attempts 
subjectively to place all individuals into two, three, or more clear- 
cut categories. The classification of Hippocrates, dividing in- 
dividuals into two general groups, the habitus phthisticus and the 
habitus apoplecticus, was the first of these to be proposed. A num- 
ber of other recent proposals which summarize the best of the 
older ones is seen in the classifications of Bryant (7) and of 
Goldthwait (18), who propose a three category classification of 
carnivorous (linear), normal, and herbivorous (stocky) types; and 
of Stockard (41), who uses the same classification, but calls them 
linear, intermediate, and lateral. The authors classify individuals 
as to these types by inspection alone. 


Kretschmer’s Classification s 
A third method is seen in the classification by Kretschmer (23, 


p. 20-34) in which he proposes a linear type which he calls the 
asthenic and a stockier lateral type which he calls the pyknie, with 
mixed or intermediate types. In addition he adds a third true type 
which he calls the athletie type, whieh is a deviate, aecording to his 
deseription, from the series, running between the asthenie and 
pyknie. In the light of the prominence Kretschmer s writings lys 
assumed in the literature, this elassifieation vill be diseussed in 


more detail below. 


Draper's Classification u^ 
A further system of classification 1s that of Draper (14), who 
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classified his people into finer stoups, not according to some pre- 
conceived scheme, but according to the general proportions of those 
whom he finds to be particularly predisposed to certain diseases. 
His tubercular type and his gastrie ulcer type are both slender or 
linear types. His gall bladder type and his pernicious anemia type 
are both laterals or stockier builds. These individual types, how- 
ever, deviate also in shape of face and proportions of various parts 
of the face and body. It will be seen that in spite of this attempt 
at a finer classification, the slender Sroups fall together and the 
stocky groups fall together. Draper's classification, however, is 
not intended as a systematical grouping of individuals anthropo- 
logically, but is for the purpose of selecting those who are most apt 
to be susceptible to given disease entities. This falls outside the 
scope of this volume, so we shall not consider it further, 


GENERAL CONSIDERATIONS 

The measurement of physical constitution or body type is im- 
portant in all studies in which physical status is assessed from an- 
thropometric measurements. It is obvious that the same standard 
for the determination of under- and overweight or muscle develop- 
ment cannot be used for the slender and for the stocky type. It is 
evident that a dray horse and a race horse may be of the same 
height and of the same length, but it would be absurd to assume 
that they both should weigh the same amount. It is therefore im- 
portant in applying anthropometric techniques to the determination 
of physical status (a) to know Whether there aro Several distinet 
body types, or simply a distribution of builds, reaching from one 
extreme to the other, with certain features varying somewhat from 
the average for that part of the distribution, and (b) when this 
first question has been answered, to establish à method of distin- 
guishing accurately the type or the point on the range of the dis. 


As has been pointed out by Montessori (33, p. 67-106), the stocky 
or lateral type has a larger amount of digestive organs per unit of 
body volume than does the linear or slender type. 
individual, therefore, has comparatively more area from which to 
absorb food than does the linear type, and it ha 
33, 41) that this type of individual tends to put on weight and to 
be much better nourished than the linear 


malnourishment. As a result of chronie o 
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upon the kidneys and the eireulatory system and to suffer more from 
diseases of these organs, while the linear type tends to suffer more 
from diseases of the lungs and digestive organs and other types of 
diseases which are associated with poor nutrition. These assertions 
are upheld by evidence from insurance statistics, one sample of 
whieh is shown in the following tabulation: 


Relationship of Bodily Habitus to Disease 
According to the Life Insurance Records 


Physique 
Cause of Death Thin Medium Stout 
Per Cent 
Tuberculosis 25.7 13.1 
Apoplexy 4.9 9.2 
Circulatory Disturbances 9.4 14.8 
Pneumonia 11.7 10.3 
Malignant Tumors 6.4 8.3 
Infectious Disorders 5.4 4.6 
Brain Disorders 10.6 9.8 
Suicide 4.7 5.1 
Various other diseases 21.1 24.8 
"Total 100.0 100.0 


Further evidence to this effect is given in Davenport's (13) study 
on Body Build and Its Inheritance. 

In line with the above considerations, we have also the faet that 
the linear type in general has a larger museulature proportionate 
to his vegetative or visceral parts. He has longer limbs and a 
smaller trunk, which gives him relatively more muscular tissue to 
nourish and to supply with oxygen than is the case of the stockier 
lateral. Montessori (33) has referred to the linear as the type of 
individual with a small boiler and a relatively large engine, while 
the lateral is an individual with a larger boiler but a smaller engine. 
Draper's studies (14) seem to indieate that the problem is con- 
siderably more complex than it has been made to appear. 

These considerations are listed here primarily to convey the idea 
that there is much more to the problem of body type than simply 
differences in. physieal proportions. 

QUESTIONS CONSIDERED IN THIS STUDY 


From the standpoint of the problems raised in this volume, it 
is not necessary for us to diseuss the relationships of body build to 
disease. While this is an important consideration for the physieian 
and perhaps for the hygienist, it 1s not necessary to consider these 


20 IOWA STUDIES IN CHILD WELFARE 


problems in a study in which the major emphasis is the selection 
of anthropometric measurements for the purpose of evaluating 
present physical status. The principal questions concerning body 
build to be considered in this volume are the following : 

l. Are there several distinet categories of body build, as is 
suggested by Kretschmer (23), or is there a continuous distribution 
Trom one extreme to the other, with perhaps a number of atypieal 
deviates from the general trend? 


2. What are the simplest and best methods of indieating the 


body build or type of any given individual? 

3. How ean the methods of determining body type best be 
utilized in the appraisement of physieal status? 

In the writings on body build eited or diseussed übove, all but 
those of Kretschmer (23) and Draper (14) either indicate or imply 
that there is a continuous distribution from one extreme to the other, 
though a number of them imply that usually it is relatively easy to 
place an individual subjeetively in one of the extreme eategories or 
in the middle. In some instances where indices are given (such as 

A H 
SET, ete.), these ‘types’ are given by arbitrarily dividing 
the range into three groups (33, p. 67-106). From the standpoint 
of modern anthropometry, there is no reason why such a continuous 
distribution might not better be described in te 
from the average, with the deviations Stated in t 
tistical constant such as the standard deviation, 

Kretschmer and his disciples, on the other hand, imply three 
distinet distributions with relatively little overlapping. The first 
of these, the asthenic type, is conceived of as a slender, small 
muscled, fairly tall, and long limbed individual. The other ex- 


rms of deviations 
erms of some sta- 


according to Kretschmer, is not an intermediate typ 
from the intermediate type showing certain distinct characteristics, 
When the data are analyzed, the major differentiation seems to þe 
that this type is distinguished from an intermediate type by slight- 
ly wider shoulders. 

A number of Kretschmer’s students have attempted to prove 
this point with indices and have developed a number of anthropo- 
metric methods for arbitrarily dividing one type from the other, 


APPRAISING PHYSICAL STATUS 21 


The most important of these indices are listed in the following 
tabulation : 


. 1l. Pignet's Index 
| Height — (Chest Circumference + Weight) 
2. Chest-Shoulder Index 

Shoulder Breadth x 100 

Chest Cireumference 

3. ''Index A” 

Head Height x Hand Circumference x Shoulder Breadth x Chest Circumference 

1000 


= 


7" Index B” 
Height x 10,000 
Chest Breadth x Chest Depth x Anterior Trunk Length x Shoulder Breadth 
**Index C”? 
Chest Breadth x Chest Depth x Shoulder Breadth 
Bi-iliae x Bi-trochanteric 
6. ‘‘Index D^ 
Shoulder Breadth x Hand Cireumferenee x Arm Length x Leg Length 
Chest Cireumferenee x Abdomen Cireumferenee x 100 
7. Wertheimer's Index 
Leg Length x 105 
Chest Breadth x Chest Depth x Trunk Length 
8. Andreew's Index 
100 [ (Chest Circumference d- Abdomen Circumference) — (Arm Length Leg Length) ] 
Chest Breadth x Chest Depth 


e 


A fairly large proportion of these are obviously invalid from a 
purely mathematical point of view. The number of anthropometrie 
measurements multiplied together in the numerator is different 
from the number in the denominator. For example, in Index B, 
height is the only measurement in the numerator, while the de- 
nominator is composed of the product of four linear measurements. 
Wertheimer's index has a similar defect. In Index C and Index 
D the numerator is composed of the product of three measurements 
and the denominator of two. In Andreew's Index, the numerator 
is eomposed of a series of sums and differenees while the denom- 
inator is a product of two linear measurements, Index A has as 
its numerator the product of four dimensions with a constant in 
the denominator. It will be seen from these facts that the actual 
body size of individuals will determine the size of the index; for 
example, in Index B, the larger the person, the smaller the index 
will be; in Index A, the larger the person, the larger the index will 
Sinee the pyknie type of individual and the athletie and 


be. 
e of individual differ in pure size as well as in build, 


asthenie typ 
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there will be a tendeney, in adults at least, for these indices to 
classify on the basis of total bulk alone as much as on the basis of 
aetual type. 

A series of distributions is given (24, 45, 46, 47) in which these 
indiees distinguish the types rather readily. A number of these 
indices, used on the original data, apparently divide the three types 
with a fair degree of satisfaetion, though in almost all there is a 
rather large degree of overlapping. When the indices are correeted 
by converting the numerator and the denominator into terms of the 
same power, this ability to differentiate between types is lessened, 
and the differences are largely those that would be expected from 
differences in the relative stockiness of the body. 

Further, when these distributions, even in their original form, 
are combined into one distribution, in almost every ease they form 
à continuous unimodal eurve which is usually quite symmetrical. 
(See Figure 1). This faet, together with the fact that there is so 
much overlapping in the distribution of the individual types, would 
seem to indicate that these indices of type do not sharply differen- 
tiate between any three given, arbitrary body builds, but that the 
individual's build may be best indieated by its position in a total 
distribution, 

In evaluating these studies of index numbers made by the 
Kretschmer school, one should also make note of the faet that the 
cases selected by no means represent a random sample of the 
population, but rather represent specifie groups of individuals 
chosen because they were as nearly pure types as it was possible 
to secure. Usually this group makes up less than half of a random 
sample. If it is impossible to Separate these carefully chosen in- 
dividuals sharply on the basis of such index numbers, it would 
seem probable that these three types do not really exist as separate 
entities. Still further evidence is shown as one studies the average 
measurements of these three types converted into obtained indices 
by dividing each measurement by the average height for the group. 
Two such samples are presented in Tables 1 and 2, 

It will be noted in studying these indices that in 
case in measurements of length the 
similar to the asthenic or is intermediate between the asthenic 
the pyknie type. In measurements of cireumferenc 
width, in every case the athletic type is inter 
asthenie and the pyknie. 


almost every 
athletic type is either very 
and 
e, thickness, and 
mediate between the 
The one measurement in which this is 
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Combined Distributions of Asthenie, Athletie, and Pyknie Types for 


Figure 1. 
Various Indices of Build 


24 IOWA STUDIES IN CHILD WELFARE 


not true is width of shoulders. Studies made in this Station indi- 
cate that the width of shoulders of the athletie group is approx- 
imately one standard deviation of Such an index wider than the 
shoulders of the asthenie group. Since the width of the shoulders is 
the outstanding physical trait used by the Kretsehmer school to 
place individuals in the athletic class, this is probably not a true 
type difference, but simply a result of using this trait as a classifier, 
Certainly one would expect to find the difference greater than one 
standard deviation if it were a true distinguishing characteristic. 

The fact that in lengths, such as arm length and leg length, the 
athletic type resembles most the asthenie type, together with the 
fact that in all of the measurements of bulk this type is inter- 
mediate, would lead us to conclude that the athletic type is simply a 
variant of the asthenie type in that it represents a number of in- 
dividuals who are nearer the average of the total distribution 
who are somewhat better developed. 

This latter statement concerning the relative development of the 


and 


Table 1 
Average Measurements of Individuals of Different Types 
Both Actual and Relativo* 


Astheni oti ?ykni 

T sthenie Athletie d knie 
Male [Female Male [Female Male | Female 
Averages 
Height 1684 153.8 170.0 163.1 167.8 156.5 
Weight 50.5 44.4 62.9 61.7 68.0 56.3 
Shoulder Width 95.5 32.8 39.1 37.4 36.9 34.3 
Chest Girth 84.1 77.7 91.7 86.0 94.5 86.0 
“Stomach?? 74.1 67.7 79.6 75.1 88.8 78.7 
Calf Girth 30.0 27.7 33.1 31.7 33.2 31.2 
Leg Length 89.4 79.2 90.9 85.0 87.4 80.5 
100 x Averages Divided by Height 
; Weights 

Weight Height | 22.0 23.0 23.4 24.2 24.4 24.5 
Shoulder Width 21.1 21.3 23.0 22.9 22.0 21.9 
Chest Girth 50.0 50.5 53.9 52.8 56.2 55.0 
“Stomach?! 44.0 44.0 46.8 46.0 52.9 50.2 
Calf Girth 17.8 18.0 19.4 19.4 19.8 19.9 
Leg Length 53.2 515 53.4 52.1 52.1 514 


* From Kretschmer (23y 
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Table 2 
Average Measurements of Women of Different Types 
Both Actual and Relative* 


Averages Divided 
Actual Averages by Height 


Asth- | Ath- 
Pyknie| enic letie 


Measurement 
Ath- 


letie Pyknic 
17.84 20.6 12.2 120 12.3 
71.16 88.04 51.3 51.7 512 
149.00 170.00 
56.17 83.42 95.7 26.2 
33.72 3848 21.5 22.6 22.0 
78.19 89.21 50.2 52. 0 


Asth- 
enic 


Head Height 

Leg Length 

Height 

Weight 

Shoulder Breadth 
Chest Circumference 
Abdomen Cireum- 


ferenee 74.1 69.22 78.98 42.8 464 51.0 
Hand Circumference 18.9 17.66 20.14 3114 4118 11.9 
Chest Depth 17.9 16.72 19.08 10.9 11.2 12.6 
Chest Width 25.2 23.54 26.86 15.5 158 16.7 


Anterior Trunk 


Length 47.4 44.28 50.52 30.0 29.7 29.6 
Arm Length 68.2 63.70 72.69 .43.1 42.7 419 
Bi-Cristal Hip 

Width 28.6 26.72 80.48 18.0 17.9 19.6 
Bi-Trochanterie 

Hip Width 33.0 30.83 3517 202 20.7 8321 


* From Kühnel (24) 


athletie type is borne out in Kühnel's paper (24) in whieh he 
naively remarked that it was possible to fill out his numbers of 
athletic women only by recourse to the school for training women 
teachers of physical education. To these were added some individ- 
uals from two hospitals. Sinee these individuals were presumably 
physieally well, they probably represent nurses, though this is not 


stated. 
We reject, therefore, the Kretsehmerian method of subjectively 


classifying individuals into distinct arbitrary types for the more 
objective one of selecting relatively simple measurements which will 
best distinguish the place in a distribution of the population oe- 
eupied by the individual. 

The problem then resolves itself into an attempt to determine 
what indices, composed of which measurements, are best adapted 


to differentiate the types. 
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A FACTOR ANALYSIS APPROACH 


The approach to the problem of determining which measurements 
are best adapted to identifying body types has been made by the 
use of the recently developed technique of factor analysis, Since 
we have used the method proposed by Thurstone (42), we shall 
confine our statements to this method, instead of discussing other 
methods which have been devised for the same purpose. 

The method of factor analysis is one which, when used upon 
material which may be logically assumed to be amenable to analysis 
by this technique, causes components which are common to all or 
various groups of variables to emerge and to become subject to 
quantitative treatment. When the mathematical processes are com- 
pleted, so-called factor loadings are obtained for each of these 
factors or components which are in effect zero order correlations 
of each variable with these factors. The method itself contributes 
nothing to the identification of these factors or components. 
identification must be made upon other grounds, 
the logie of the situation is sufficiently clear to r 
fication relatively edsy. 

In this study, eighteen anthropometric measurements were anal- 
yzed by the method of factor analysis for 
each sex. The measurements and age groupings will be seen in 
Tables 3 to 8. Three important common growth factors emerged and 
were identified with relative ease. The first factor is evidently that 
which represents the linear growth component and is greatest in 
such measurements as height and sitting height. A second factor 
has been called the factor of cross-sectional growth. This factor 
is zero, or approximately so, in height and sitting height, and is 
most heavily loaded in such measurements as the chest dimensions 
and the girths of the limbs, A third factor, fat, is very little 
larger than its probable error in anything except the four measure- 
ments of fat. 

As we examine these tables, it is apparent 
that height is by all odds the best me 
Since body build seems to be prim. 
tional growth to linear growth, 


Such 
Usually, however, 
ender such identi- 


each of six age groups of 


, às would be expeeted, 
asurement of linear growth, 
arily a relationship of cross-see- 
we must determine the best meas- 
urement of the cross-sectional growth component. The largest cor- 
relation between the cross-sectional growth factor and the individ- 
ual measurements is found in the muscle girths. These, however, 
are not satisfactory measurements for the purpose of identifying 
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types because of their great propensity to changes, both in fat dis- 
tribution and muscular development. To illustrate, it would be 
quite possible if the girth of the upper arm were used for the pur- 
pose of determining build to change an individual from the linear 
to the lateral end of a distribution after a year of heavy gym- 
nasties, or for an individual having the misfortune to become 
emaciated because of some disease to change from lateral to linear 
within a season. It is therefore desirable that the measurement 
used should be one not of muscular development but of bony frame- 
work. From the standpoint of the factor analysis, the best choice 
seems to be that of chest cireumference. Additional evidence to 
support this choice is also found on page 48. 

Consideration was next given to weight as a possible better 
measure of cross-sectional growth. Since weight is composed large- 
ly of linear growth as well as of cross-sectional growth, linear 
growth was partialed out. Since the correlation between ortha- 
gonal factors is zero, the partial correlation of weight and cross- 
sectional growth, with linear growth constant, could well be com- 


Table 3 
Factor Loadings for Fat Growth: Males 


Age Group 
Measurement P! a m | m === 
Babies Years Years Years Years | College 

Weight —.0100 —.0067 0489 1202 0002 043 
Height .0808 0279 mm um 0398 128 
Sitting Height .0531 .0135  —.0078 .0752 0178 086 
Shoulders —.0530 —.1509 10257 —.0424 —.0204 —.043 
Hips —.0006  —.1320 4181 —.0414 .0621 278 
Chest Width .1068  —.3182 —.1907 .0123 —.018 
Chest Depth —.3317 —.1979 —.1450 0378 .030 
Chest Cireum- 

ferenee —.0076  .0619 —.0929 —.0945 —.0349 —.010 
Elbow —.816 —.1641 — 0034 
Knee —.2392 1793 0288 
Arm 0877 .0870 — 0004. 
Forearm 0717 .1029 —.1078 
Thigh .0768 —.0577 .0361 
Calf .0781 —.1416 0032 
Arm Front 3207 1397 4255 2474 
Arm Back A594 6061 5090 1801 
Chest Front 52384 8603 5927 2441 
Chest Baek 5685 «6574 5106 .6281 1505 


Table 4 


Factor Loadings for Cross Sectional Growth: Males 
Age Group 

Measurement 1 6 10 | m = 

Babies Years Years Years Years | College 
Weight 45388 1757 .5588 3172 818 
Height -0000 .0000 -0000 .0000 200 
Sitting Height -1300 —.0364 -0819 —.0304 051 
Shoulders 5143 —.0233 22719 .0530 .363 
Hips 5661 3040 2286 .1660 313 
Chest Width .2192 4425 2514 646 
Chest Depth 4052 0975 .2913 667 
Chest Cireum- 

Terence A759 5220 .5944 .3639 .838 
Elbow .5122 7618 2885 -0867 375 
Knee .3885 .5648 3482 -8028 464 
Arm .6931 .8255 1522 5800 910 
Forearm .T054 9111 -7020 3356 .812 
Thigh .6259 7849 5 2040 6349 .860 
Calf .6824 7846 6789 6349 +3960 -705 
Arm Front 5997 674 4186 6537 8435 592 
Arm back 6013 4857 4586 6273 8065 612 
Chest front A678 1661 3381 6149 8314 4451 
Chest baek 4489 .2470 5246 4993 -8007 .867 

Table 5 
Factor Loadings for Lincar Growth: Males 
Age Group 
Measurement $ T T 
Babies Years Years Years Years |College 

Weight 8718 41694 A149 7843 9588 514 
Height 9239 9679 9341 9557 8146 842 
Sitting Height 8828 8910 8413 8954 .7996 561 
Shoulders .6387 5528 6828 6172 5017 414 
Hips 7284 -6065 41339 .8072 6514 540 
Chest Width 6462 4456 +6285 7138 357 
Chest Depth 4452 .3307 .5312 .9192 176 
Chest Cireum- 

ference 8175 5727 .5123 6946 .8146 .217 
Elbow .6537 3468 6771 6886 ATIT 458 
Knee .7496 .9372 1835 .8103 5782 332 
Arm «6650 1682 3566 5312 7721 034 
Forearm .6803 .2513 .5620 .6154 .8238 276 
Thigh «6707 3220 4621 .6279 8445 124 
Calf -6912 .2585 5969 6723 -7416 152 
Arm Front 5662 — 1467 .0815 -1477 728. —.188 
Arm Back 5075 —.1974 -1418 .2847 7350  —.230 
Chest Front 2070 —.2568 —.0216 2356 4614  —.193 
Chest Baek 5711 —.2654 -0786 .3918 .6781 —.247 


Table 6 
Factor Loadings for Fat Growth: Females 


Chest Back 


Age Group 
Measurement 
4 | 6 10 13 
Babies Years | Years Years Years 
Weight .0706 -0881 —.0707 -0015 -1043 
Height —.1001 —.0129 —.0307 -0258 -0051 
Sitting Height .1720 1457 .0433 .0315 .0130 
Shoulders —.1824 —.0189 -0848 -0613 —.1587 
Hips —.1486 .1842 .0720 0550 .0737 
Chest Width —.1986 —.0407 760. —.1344 
Chest Depth —.0834 —.0595 .2599 .1358 
Chest Circumference 0690 0860 0131 2251 .0313 
Elbow 1685 2157 1964 2354 2319 
Knee —.2214 .2031 0886 —.4926 .0919 
Upper Arm .2000 .0016 —.0139 -1159 -0764 
Forearm —.0377 .0128 —.0374  —.0461 
Thigh .1800 -1162 -0444 -1612 
Calf —.1645 —.0043 —.0786 .0063 
Arm Front 184 6578 +2359 6486 
Arm Back 6492 5249 +2535 5384 
Chest Front i +7536 1019 4526 
| Chest Back. .6379 5 4986 
Table 7 
Factor Loadings for Cross Sectional Growth: Females 
Age Group 
Measurement z ó 10 13 
Babies Years | Years Years Years 
Weight .2658 — .5611 4898 mmm eens 
Height .0000 ` .0000  .0000  .0000  .0000 
Sitting Height .2497 — .1006 men nes .0351 
Shoulders .7582  .2085 ang zone .4493 
Hips .7231 3149 .1079 3718 8261 
Chest Width 5817 251344845038 
Chest Depth .7328 — .9619 ag en 
Chest Cireumference -4899 -7994 4769 6533 .7062 
Elbow .6768 -5758 aen 3654 .6453 
Knee 6807 — .4455  .9344  .4820 6082 
Upper Arm 7027 Som  .8164 Soe .8384 
Forearm .6522 .8481 .5970 .8186 .8289 
Thigh 6465 Cu .5912 .8069 . .6725 
Calf 6675 6616 5847 .6905 — .7385 
Arm Front 4827  .29768 Am gon .5148 
Arm Back 4048 .4640 -6084 .8292 .6743 
Chest Front —.0050 4216 1728 377 -8193 
-3426 4698 -5509 .6512 4789 
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Table 8 
Factor Loadings for Linear Growth: Females 


Age Group 
Measurement A z T 
Babies Years | Years Years 
1 
Weight .9511 8016 8047 -7002 
Height 9146 8909 8789 DEM 
Sitting Height 8445 S444 8562 
Shoulders 1904 -7262 5843 
Hips 3274 9037 8192 


Chest Width 


5789 
Chest Depth 


4472 
Chest Circumference 5622 4441 
Elbow BEER .5668 3788 
Knee 8147 -5880 4247 
Upper Arm 5081 3339 3815 
Forearm 6671 8981 4170 
Thigh .6248 A417 5977 
Calf -7103 4758 4786 
Arm Front 2916 0218 1414 
Arm Back .2360 —.0854 2487 
Chest Front * 3783 0075 .2102 
Chest Baek 3311 +2356 -0407 .0641 


puted. For the twelve age groups computed, the partial eorrela- 
tion was above .90 in nine eases, above .80 in two eases, and .735 in 
the remaining ease (ten-year-old boys). These correlations are 
larger than the factor loadings of the largest other measurement 
with eross-seetional growth in nearly all cases; henee, when used 
Weight ; à Wë " 
“Haight * an index which of itself ‘holds height 
(linear growth) constant,’’ this should be a very superior index 
of body build. 

If weight is used in its crude form (actual weight), this index 
number would be subject to the same objections as those raised to 
the use of the girth of the limbs, namely, that it might be unduly 
influenced by fat or muscular development. This objection ean be 
readily obviated, however, by using the predieted normal weight 
(see Chapter IV) in place of actual weight. As this normal weight 
is computed from skeletal measurements which have been corrected 
for fat, this objection is removed. 

Since the index of build is expressed in terms of er 
growth relative to linear growth in the case either 


in the form of 


oss-sectional 
of chest cireum- 
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ference or Weight%, the number indicating cross-sectional growth 
should be divided by height. Thus we propose for use as indices 


for the purpose of indieating build either Det en cene 


al Weight 
Height 
convenient to use. If normal weight is available, however, the 
second index ean be computed almost as rapidly on a slide rule by 
the use of the cube scale. 

As has been indicated by the researches of Draper (14), it is 
probably true that to divide eonstitutional types into finer group- 
ings for the purpose of indieating probable susceptibilities to cer- 
tain diseases, an entirely different approach to this problem.of type 
must be devised. From the standpoint of the anthropometrist who 
is endeavoring only to determine the physical status of an individ- 
ual and who does not concern himself with susceptibilities to cer- 
tain specific diseases, these wider categories seem to be entirely 
adequate, In the remainder of this volume, therefore, we shall 
speak of body type in terms of a continuous distribution from one 
extreme which, following Stockard (41), we shall term linear to 
the other extreme which we shall term lateral. There is consider- 
able evidence to indicate that the distribution of build follows ap- 


proximately the normal eurve.* 


or The former is the simpler and the more 


uin —€— : 
1 Distributions were made of the en and the WA 
for seventeen- and eighteen-year-old males. These were analyzed for type of distribu- 
tion by Pearson’s method of moments (N = 265). 
It will be recalled that where a curve is “normal,” according to the Pearsonian no- 
tation, B, = 0, Be A K, = 0. In these distributions, the following constants were 


indices 


found: Weight % Chest Cireumference 
Height Height 
Bi .0426 + .034 .0051 + .004 
p. 3.1580 + .287 2.9620 + .194 
K, A718 + .320 — 0419 + .065 


Chest Circumference 
There is little doubt that the Height 
as only one of the constants is more than one probable error 
2 Weight 14 
away from the theoretical value, and that one is very close. The Height 
is a little more doubtful, and seems to be very slightly skewed and to lean slightly 
towards the type IV curve, though here, again, the constants are within one probable 
error of the normal curve values. The type IV curve fit is slightly better than the 
fit of the normal curve, (The probable error of K, in this curve is of a value for 
which it is very hard to compute the probable error from Pearson's tables, and this 
value may be somewhat off from its true value). It is quite obvious, however, that 
both distributions are far from bimodal, as would be demanded by the Kretschmerian 
theories, and are very close to the type of symmetrical, unimodal distribution of which 


the normal curve is the classic example. 


distribution belongs to the transition 


type of normal curve, 


distribution 
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As will be seen in Chapter IV, normal weight is most highly 
correlated with height, chest circumference, width of hips, and 
widths of elbow and knee. These are all measurements which in 
the factor analysis data given in Tables 4 and 7 are relatively 
highly correlated with the eross-sectional measurements, with the 
exception of height, which is added for the purpose of eontributing 
the third dimension to the measurement of volume (weight). 


CHAPTER III 


CRITERIA FOR THE SELECTION OF 
MEASUREMENTS 


For the purpose of selecting anthropometric measurements which 
may be best adapted to the evaluating of physical status, certain 
criteria or standards of judgment must first be formulated. These 
criteria may be best discussed in relation to specific areas of an- 
thropometrie appraisement. 

For the purpose of evaluating physical status the measurements 
may be divided into four groups: (1) those which measure general 
nutritional status, (2) those whieh measure the amount of sub- 
cutaneous fat, (3) those which measure muscular development, 
and (4) those which measure respiratory condition. 

In eonsidering the problem of nutritional status, three approaehes 
to the problem are commonly made by students of applied anthro- 
pometry. The first is an attempt to determine the normal or sta- 
tistically ‘best’? weight of the body, and then to interpret the 
standard and the aetual weight in terms of a percentage of over- 
and underweight. Over- and underweight are concepts which have 
been used for centuries by physieians and health workers with no 
very valid researches to prove their value. Physicians from the 
time of Hippocrates have believed that a loss of weight or, its 
equivalent in growing children, failure to grow has frequently been 
an accompaniment of some organic disease. On the other hand, 
gain in weight within normal limits has been believed to be an 
aceompaniment of improving health. These normal ehanges would, 
of eourse, exclude abnormal growth in weight due to any form of 
glandular malfunction which resulted in obesity. The studies in 
this field have, on the whole, been badly conceived and offer little 
of value, The clinical experience of dozens of pediatricians and 
school physicians has upheld the theory that loss of weight or fail- 
ure to gain, particularly in children, is a bad thing. 

This normal weight, as was shown in Chapter II, must be in- 
terpreted in terms of the individual's build. The slender, linear 
type of individual is, and should be, lighter in weight for the same 
height than the stocky, lateral type of individual. For purposes 
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of predieting what this normal weight should be, some standards 
must be devised. These will be primarily measurements involving 
the size of the skeleton both as to dimensions of the thoracie cage 
and hips, and as to the thickness or coarseness of the long bones. 
Only when the standard weight has been computed from such 
fundamental bases ean under- and overweight be considered sig- 
nificant enough to be used in directing the hyeienie regimen of the 
ehild. 

The second measurement of nutritional status is the relative 
amount of fat. The amount of fat underlying the skin needs to be 
measured and a norm or standard found to determine whether or 
not the fatty deposits of any given individual are greater or less 
than the optimum amount. Fat also enters into the problem of 
under- and overweight, but it is partly a factor to be measured and 
interpreted separately. 

The third measurement used in nutritional status studies is that 
of the normal development of muscle. This will be considered 
under two general headings: (1) muscle as it makes up the general 
nutritional background of the body, and (2) muscle as an organ 
for strength. It is well established (10)? that muscular develop- 
ment is one of the factors determining adequate weight for any 
given type, and the lack of this muscular development is frequently 
associated with ehronie poor nutrition. 

The fourth item, the respiratory condition, in addition to the 
diagnosis of specifie diseases, which is outside the seope of this 
study, is anthropometrically determined by the relative breathing 
capacity, or the amount of air the individual ean exhale in a forced 
exhalation following a full inhalation. The standards for normal 
breathing capacity will be diseussed in the second volume. The 
only effective method at the present time for measuring the relative 
physiological functioning of the lungs is that used in the physiolog- 
ical laboratory, which is far too complicated for use in everyday 
practice. Studies using these complicated methods, however, have 
shown that the respiratory funetion for any given size of 
ing capaeity varies as much as 90 per cent; 
partieularly when the individual has been in training for a sut- 
ficiently long time, transmit more oxygen and ez 


arbon dioxide per 
breath than do other lungs. The breathing capaeity of the lungs 
is easily measured in almost any child above the 


breath- 
that is, some lungs, 


age of five or six, 
2 See also Chapter IV. 
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although much care must be used with the younger children to 
obtain a maximum record. There is no particular problem as to 
the technique or the instrument to be used. 


GENERAL CRITERIA 

Statistieians who analyze anthropometrie data and who propose 
standards based upon such analyses are forced to make certain 
assumptions, the validity of whieh determines the validity of their 
conclusions. One of these assumptions is that the ‘‘regression 
value" of the selected sample may be assumed to be a reasonable 
“hest” standard. We shall try to defend this thesis. 

First let us define in nontechnical language the term ** regression 
value," Any one trait or variable in one age of individuals of a 
single sex will usually distribute itself symmetrieally around the 
average value. The largest number of individuals will lie on or 
near this average and a rapidly diminishing number will lie farther 
and farther away from this average. If one were to prediet the 
most probable value of this single variable with no other informa- 
tion than that the individual was of this age and sex, the probable 
error of prediction would be least if he predieted the average. 

Now let us assume a more complicated situation. Suppose that 
we are attempting to prediet the weight of an individual of known 
age and sex from his chest girth alone. If a distribution be made 
of weights and ehest girths in the form of what is ordinarily called 
the scatter diagram, it will be seen that, on the whole, individuals 
with larger chests are heavier and those with smaller chests are 
lighter. If distributions of weights are made for each size of chest, 
a best fitting line drawn through the averages of these distributions 
will be known as a regression line, and from it the most probable 
weight for one of this age and sex having any given size of chest 


may be predieted. . 
Similarly, when more than one variable is used to prediet another 


variable, an algebraic equation may be formed eompounding a 
number of regression equations in a sort of ‘‘best weighted" way, 
so that the variable which one is attempting to prediet may be pre- 
dieted more accurately from these several individual variables than 
it may be predieted from any one. In other words, the correlation 
between the variable to be predieted and the value obtained from 
this compound algebraie equation will be higher than the correla- 
tion between the variable and any other combination of the variables 
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upon which the prediction is based. Thus, weight for those of any 
given age and sex will be predicted more accurately from height, 
chest girth, width of hips, and width of knee than it will be from 
any one of those variables alone. This algebraic equation is called a 
multiple regression equation and is, in effect, the average value for 
the predicted variable as it would be found from a large sample of 
individuals having the same height, chest girth, hips, and knee size. 
The problem before us now is to justify this standard as a “best”? 
. standard. 

Let us take an illustration from another field. As is well known 
to those familiar with physiological conditions, variations in the 
output of the glands of internal secretion affect the functional 
health of the individual to a very large degree. For example, if the 
output of the thyroid gland is excessive, the individual grows too 
rapidly in his long bones, becomes thin and lacking in fat, is 
nervous, tense, and burns too much energy. If this secretion be- 
comes still greater in amount, the individual becomes definitely 
diseased. Tf, on the other hand, the amount of this secretion of the 
thyroid gland is under the normal amount, other and quite dif- 
ferent symptoms appear which are equally distressing and dis- 
abling. ` Something like an average amoun 
for the best functioning for health, 
thyroid gland in its funetioning is clo 
of the pituitary, the suprarenals, and the sex glands. The out-put 
and funetion of any one of them is influenced by all of the others. 

Let us now assume that the output of each of these glands of in- 
ternal secretion could be accurately measured. Let us further 
assume that the size of various internal organs might be known, 
and we can, of course, assume that the body can be measured so 
far as its external dimensions are concerned. It would seem then 
that one might validly assume (1) that the "best average amount’? 
of thyroid output might be determined trom the output of the other 
glands, from the size and functional condition of the viscera, and 
from the size of the body itself and (2) that the composite average 
which one would obtain from a multiple regression equation based 
upon a knowledge of these other variables would represent this 
average output of the thyroid gland for that partieular sized in- 
dividual who had that partieular make-up in the various struetures 
and funetions of his body. We should like to advance the theory 
that such an average, when computed from individuals representing 


t seems to be neeessary 
It is also well known that the 
sely related to the funetioning 
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a good sample of the population from the standpoint of health, may 
be held to represent nature's best experience, and that departures 
from this average in either direction represent departures into the 
zones of the abnormal. 

Let us now diseuss this from the standpoint of the weight of the 
individual. It is the common experience of medieal.practitioners 
that underweight — which is in effeet weight less than this average 
for sex, age, size, and build — is most frequently associated with 
ill health. Life insurance statisties, on the other hand, indicate 
that overweight or fatness beyond a certain zone of normality is 
associated with a shorter life expectaney.? In this relationship, too, 
then it would seem that the average, when computed from a sig- 
nifieantly large number of relevant variables, may be defended as 
being nature's best experience. 

The same argument might be extended into many other areas of 
anthropometrie standards, such as museular development, the size 
of the breathing capacity, blood pressure, pulse rate, basal meta- 
bolic rate, and many other objectively measurable variables. It is 
diffieult to prove this thesis with absolute scientifie validity, but 
we shall assume its validity throughout this study upon the philo- 
sophieal grounds presented above. 

The validity of this multiple regression standard is dependent, 
of eourse, upon the sampling from which it is computed. Multiple 
regressions might be computed from an exceedingly subnormal, 


malnourished population which would produce standards far below 

3 "It seems clear, therefore, that for persons beyond 30, underweight is distinctly an 
advantage so far as a favorable prospect of mortality is concerned. It is erroneous 
to suppose that weight should increase with age, as we have been led to believe by 
the tables for average weights. This increase with advancing age is, of course, a very 
common occurrence, but there is every indication that it is a disadvantage and should 
be carefully avoided. The public health movement in its attack upon the diseases of 
the adult and later life will do well to bear this fact in mind. We» 

“The body weight of persons in adult and later life gives a fair indication of the 
amount of work which is thrown upon the digestive, circulatory, nnd excretory systems, 
As men grow older, the difficulties of normal functioning of these systems increases 
‘vith the accumulation of impairments. At the same time, persons as they advance in 
age seem to grow more inclined to take in more food, especially proteins and fats, and 
less inclined to indulge in wholesome exercises. This has a tendency to place more 
and more of a strain upon the food utilization machinery and consequently to hasten 
the breakdown of the organs concerned in these processes. A realization of these 
facts on the part of the public would lead, no doubt, to marked changes in habits of 
diet and exercise, and to an amelioration of conditions which today lead to so much 
mortality from diseases of the heart, blood vessels and kidneys. There is abundant clinical 
evidence to prove that through the restriction of conditions premonitory of organic im- 
pairment and eventual preakdown of the circulatory and excretory systems have deen 
averted. These facts from life insurance records only tend to reinforce what hygienists 


have been advocating for years.” (2) 
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those which could be accepted as desirable. The sample from which 
these studies have been made is taken largely from the population 
of the University elementary school, the University high school, 
and the freshman and sophomore classes of the State University 
of Iowa in Iowa City. These individuals represent a somewhat 
superior socio-economic group. The elementary and high schools 
charge tuition, and most of their population comes from homes of 
sufficient economie independence to be able to afford to send their 
children to a private school. It may be held by some that even 
this population group does not represent ideal living conditions. 
That is probably true. It is believed, however, that this group 
represents about as ideal a group as one is apt to find in our pop- 
ulation today living under the present American civilization. These 
standards should be interpreted in the light of this sampling. It 
is believed that if they depart significantly from a **good"' average, 
the departure is on the desirable side rather than on the side of a 
poor development. It should be noted also that the faet that this 
group might be slightly larger or better developed than other 
groups would not affect the standards as they would be applied to 
other groups, for the multiple regression values are computed for 
individuals having the same skeletal make-up as the individual 
measured. 

The second definite criterion which has been 
also will be defended philosophically 
variables for the prediction of the e 
essarily the one which gives the high 
terion, but is the set of variables which ean be assumed both log- 
ically and mathematically to be those best adapted to determining 
what a normal development should be. This ean be illustrated by 
the problem of predicting weight. It has been shown (17) that it 
is quite possible to use anthropometrie measurements and predict 
weight so accurately as to obtain a multiple correlation of .98, To 
predict weight this accurately, however, it is necessary to select 
variables which include fatness and present museul 
as well as the more fundamental bony structures. Tf in predicting 
weight one uses not only measurements of the bony skeleton but 
measurements of the muscle masses of the limbs, taken over fat, 
and also ineludes measurements taken over masses of fat, such as 
the width of the hips over the greater trochanters, one ean prediet 
weight almost as accurately as it can be weighed on the scales. 


assumed and which 
is that the best selection of 
riterion variable is not nee- 
est correlation with the eri- 


ar development 
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But there would be no point to predieting weight by such a method. 
It would be much simpler to weigh the person. This method of 
prediction states in effect that the individual weighs so many pounds 
because he is so large, so fat, and so well developed museularly. 
We shall assume in this series that there are eertain fundamental 
bodily struetures whieh determine more accurately than other ac- 
cessory structures what a person's normal weight should be. It is 
further assumed that these accessory structures, such as fat and 
musele size, should be disregarded when computing standards for 
weight, and that these standards should be computed from the skel- 
etal build of the person. This raises the question, is the size or the 
development of the skeleton at the time the individual is measured 
normal for his inheritance? It is quite possible that any given 
individual at some time in the past may have been malnourished 
or diseased, so that his skeleton remained somewhat smaller or less 
well-developed than it should be at the present time. An anthropo- 
metrist measuring this ehild today, however is foreed to judge him 
as he is and to estimate what he should weigh for his skeletal de- 
velopment now. All of the standards proposed in this series of pub- 
lieations are for the individual as per his present skeletal develop- 
ment and maturity and make no attempt to assay his hereditary 
as they might have been had they not been changed 


potentialities 
avorable environmental influences in the past. 


by favorable or unf 

A third general eriterion forces us to depart somewhat from 
strict scientific accuracy and completeness. This criterion is that 
of simplicity and practicability. As was suggested in Chapter I, 
any institution or person concerned with child welfare is foreed 
to compromise between scientific completeness and practical use- 
fulness in any large scale service to the individual. Experience has 
shown that school teachers, nurses, and physicians will not make 
use of exceedingly complicated standards even though their ac- 
curacy be quite superior. They are much more apt to make use of 
standards which can be measured quickly and accurately and which 
are simple enough to be computed easily from tables. It is felt, 
therefore, that we are justified in simplifying these standards in 
order that they may be more widely used. Many of the standards 
propose give multiple correlations with the criterion 
than would be obtained from a larger 
Where this is the ease, it will be 


which we shall 
which are significantly smaller 
number of predicting variables. 
stated. 
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SPECIFIC CRITERIA 
Prediction of Normal Weight 


1. Measurements which are to be used for the predietion of 
normal weight should be, so far as possible, measurements of the 
bony frame of the body rather than measurements of muscular or 
fatty tissues. Where it is not possible to measure closely enough 
to the bony framework to be able to disregard overlying tissues, 
appropriate corrections should be made for fat. Correetions for 
museular tissue should be made unnecessary by the proper selection 
of the places to measure. For example, measuring the circum- 
ference of the chest below the peetoralis major muscle will make 
it unnecessary for the measurer to correct for the influence of this 
large group. 

2. There are three items which must be considered: (a) the 
measurement or measurements best representing an average eross 
section of the trunk; (b) the measurement — in this ease total 
height or stature — which best represents the total length of the 
body; (e) the measurement or measurements best representing the 
Size and eoarseness of the bony framework. It is quite possible 
that one or more measurements may function in more than one of 
these three ways. For example, measurements of chest and of the 
hips may have a relatively high correlation with the size and weight 
of the bones, but there are other and more objective measurements 
better suited to measuring the bones, such as the width of certain 
joints, 

3. An attempt should be made to 
measurements as possible in order to produce standards which are 
usable in ordinary institutional practice and still not lose too much 
in accuracy of prediction, We may drop from consideration any 
measurement which ‘‘partials out," or whose correlation with the 
criterion measurement becomes approximately zero when other 


measurements, whieh must of necessity be ineluded, are held con- 
stant. 


use ʻas small a number of 


Measurements of Fat and Subcutaneous Tissue 
The criteria for the selection of Measurements of fat and sub- 
cutaneous tissue are relatively simple. 


1. The battery of measurements selected should hay 
possible correlation with: ( 


and (b) the total amount o 


e the highest 
a) per cent of under- and overweight 


f adipose tissue on the body relative to 
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the surface area. This latter **total fat" must of necessity be made 
up of the sum of a large variety of measurements of fat taken over 
all parts of the body. 

2. The measurements selected should be influenced as little as 
possible by abnormal distributions of fat. 

3. The battery selected should include any measurements which 
can be used for the purpose of correcting other anthropometric 
measurements. For example, if the circumference of the chest is 
to be taken, the fat measurements at the front and back of the chest 
at the level crossed by the tape in taking the eireumferenee must 
be included in order that the chest girth may be corrected as ac- 
eurately as possible to represent a chest with a ‘‘standard’’ amount 
of fat around it. Similarly, the measurement having the highest 
relationship to the amount of fat over the crests of the ilia must be 
included in the battery in order that this important bony measure- 
ment may be corrected for fat. 

4. The measurements selected should in every ease be such that 
there will be no general adherence between skin and subeutaneous 
fascia which would render such measurement difficult in certain 
individuals. 

5. The places selected for measurement should be such that no 
questions of modesty or difficulty of measuring over clothing may 
arise, 


Measurements of Muscular Mass 

The fundamental problem is to measure as accurately as possible 
the relative museular bulk in order to evaluate the over- or under- 
development of these muscles. The problem is complicated by one 
factor which, however, simplifies the criterion: namely, any meas- 
urements over muscle masses other than those of the limbs must 
inelude the bulk of the thorax or the abdomen in the measurement, 
and the relative amount of muscular tissue cannot be differentiated 
from the total bulk of the trunk. 

The relative amount of muscle can be measured with a fair de- 
gree of accuracy by functional tests of strength. These tests, how- 
ever, necessitate the purchase of quite expensive equipment, which 
makes them impracticable in many localities. There is a very high 
correlation between the strength of the muscles of the trunk and the 
strength of the muscles of the extremities alone, so that the size of 
the muscles of the extremities correlates very highly indeed with 
the strength as obtained by the whole battery. Therefore, the prob- 
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lem of a eriterion is relatively simplified. The only thing left to 
do is measure the circumference of the limbs. 


Measurement of the Respiratory Function 

Anthropometrieally this involves no problem at all. There is 
only one measurement whieh is both praetieable and useful, and 
that is the breathing eapaeity or total amount of air which ean be 
expired by forced exhalation after a full inhalation. 

The researches which are discussed in the succeeding chapters of 
this volume are based upon the eriteria presented in this chapter, 


CHAPTER IV 


SELECTION OF MEASUREMENTS 


When a survey is made of the various studies that have attempt- 
ed to prepare standards for the evaluation of physical status, one is 
struek with the marked lack of unanimity of opinion among the 
various students of the problem. Many different measurements 
have been proposed for use, including: standing height; sitting 
height; trunk length; span of the arms; width of the shoulders 
between the aeromia; width of the shoulders over the deltoid 
muscles; width of chest, depth of chest, circumference of chest 
(these three chest measurements have been proposed at three dif- 
ferent levels of measurement) ; the width of the hips at the crests 
of the ilia; the width of the hips at the trochanters; the widths of 
the elbow, wrist, knee, and ankle; weight; and breathing capacity. 
For girths, measurements have been proposed of the girth of the 

“abdomen, the hips, the elbow, w ist, knee, ankle, and of the mus- 
eulature of the upper arm, forearm, thigh, and calf. Several 
measurements of the skin, subeutaneous tissue, and fat have been 
proposed. Hence the first task is to delimit the problem, to eval- 
uate these measurements, and to select the ones that seem best 
fitted for the purposes of ‘‘measuring”’ physical status in accord 
with the general criteria listed in the preceding ehapter. 

To accomplish this task we propose first of all to divide the 
problem into a number of subproblems and to apply specifie anal- 
yses to each. So far as this volume is concerned, we shall consider 


three major divisions: 
1. Measurements for the prediction of normal weight 


9. Measurements for the prediction of normal fat 
3. Measurements for the predietion of normal museular development 


MEASUREMENTS USED IN THE PREDICTION 
OF NORMAL WEIGIIT 
As has been stated previously, the normal weight of the individ- 
4 Measurements of cardio yaseular variables for use in the appraisement of present 
health and of “condition” will not be treated im this volume bnt will be discussed in 


a later volume, The measurement of weight and of breathing capacity raises no im- 
portant problem of conflicting techniques and will not be treated in this volume. 
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ual is largely determined by his type or build. The problem, then, 
is to decide what measurements are best adapted to determine 
normal weight for an individual of given age, height, and build. 
The selection of the measurements, as was pointed out in Chapter 
TII, should not be based upon the highest correlations with actual 
weight based upon all possible anthropometrie measurements, but 
on the predietion of a standard weight based upon skeletal meas- 
urements alone. 

A large number of measurements have been tried, but only a few 
of these have demonstrated their right to be included in the final 
battery. Before diseussing these researches in detail, it is necessary 
first to dispose of a number of preliminary problems relating to the 
techniques of specific measurements. Several of these problems 
have been solved by experimentation, while solutions here proposed 
for some of the others are based on philosophical reasoning. 


Measurements of the Chest 


Tn all quantitative studies conducted at this laboratory, measure- 
ment of the chest has been found niore important in weight pre- 
dietion than measurements of height or of any other commonly used 
measurements, Differences of opinion have arisen, however, over 
which of the various methods and levels of measurement of the 
chest should be selected. 

There are three levels in common use: (1) the level of the fourth 
costo-chondral articulation (usually called the “nipple level" be- 
cause in measurements on the male the tape or calipers cross the 
front of the chest at the level of the nipples) ; (2) the level cor- 
responding to the upper part of the xiphoid cartilage; (3) the level 
called by Seaver the ‘‘ninth rib level." In this measurement the 
tape is supposed to cross the ninth rib in the axillary line. This 
measurement is, on the adult, from two to four centimeters lower 
than the measurement at the level of the xiphoid. The results of 
these last two measurements are approximately the same. 

In measurements of the width of the chest (where the tips of the 
calipers are passed in front of the bulk of the latissimus dorsi 
muscles just behind the axillae) it would seem to make relatively 
little difference as far as weight prediction is concerned which level 
is selected so long as the measurer is consistent and the formula is 
based upon that measurement. In measuring the depth of the chest 
with the flat ealipers, and in the measurement of the cireum- 
ference of the chest at the nipple level, the measurement is affected 
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by the peetoralis major muscles and by the fact that in many cases 
the instrument rests upon the lower portions of the scapulae. Hence 
the measurement is skeleton plus muscle plus the deviation added 
by the thickness of the scapulae and subscapular muscles, and it 
will vary greatly with the museularity of the individual. This also 
permits relatively large changes in the measurements to be made 
by the slight tensing of these muscles and results in further de- 
partures from a measurement of the bony thorax. If the depth of 
ihe ehest is measured with the eurved calipers from sternum to 
spine, differences of depth due to pigeon breast or funnel chest are 
most exaggerated at this higher level. These errors can possibly be 
avoided by the experieneed measurer, but it is simpler to guard 
against the diffieulty by selecting measurements at a level at whieh 
the errors will not occur, especially in view of the fact that if these 
measurement methods come into common use, many of the meas- 
urers will not be entirely *'experienced." 

Experiments with the reliability or consistency of the measure- 
ments at the nipple and xiphoid levels indieate that there are no 
signifieant differences. 

A small sample of twenty-five five-year-old preschool children 
was measured twice in succession on the same day by the same 
measurer, with but ten minutes interval between the measurements. 
The reliabilities of the measurements were as follows: 


Level 
Measurement Nipple Xiphoid 
Chest depth 982 .987 
Chest breadth a 1o70 978 
Chest circumference 992 .997 


It is probable that these reliabilities are much higher than they 
would be for two different measures, and also higher than they 
would be if the measurements were taken with a longer interval of 
time between. High reliabilities are more easily found at this age 
than later, if the children are used to the measurer, for they do 
not attempt to secure larger measurements by surreptitiously ex- 
panding the chest, as older children sometimes do. The measure- 
ments and the techniques of measurement, however, were com- 
parable to one another. Hence for the purpose of assaying the 
relative reliabilities, they may be taken at face value. "These re- 
liabilities are all high and there is no significant difference between 


them. 
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Sinee fluctuations in weight from the norm may be due either 
to differences in muscular development or to differences in the fat 
deposits, the measurements selected should be those which will be 
influenced as little as possible by these two variables. We have, 
therefore, chosen the level of the xiphoid for all chest measurements 
for the following reasons: 

1. This measurement is below the largest muscle bulks of the 
chest — the pectoralis major and the latissimus dorsi at its widest 
part. 


2. It is below the scapulae and therefore not unduly influenced 


either by winged seapulae or by the heavily muscled scapulae of 
the gymnast. 

3. It is below the mammary glands of the female and avoids 
the diffieulties of measurement oceasioned by variability in size 
and position of these glands. 

4. The fat is more easily and accurately measured at this level 
(see Chapter V), so that allowanee can readily be made for the 
influence of this variable on the chest measurements. 

9. The xiphoid level is recommended by the international group 
of anthropologists and is published as the proposed measurement 
(20, p. 29-30). 

The ninth rib measurement suggested by Seaver (39) is not 
Standard in international anthropometry circles and a brief study 
gave evidence that it offered no advantages over that at the xiphoid 
level. The landmark is more indefinite and the measurer is apt to 
vary in his technique. The ninth rib may be hard to locate in many 
people, while the xiphoid cartilage or the substernal notch is easily 
palpable. Hence we have given the ninth rib measurement no 
further consideration here. 

In using chest measurements for the prediction of normal weight 
and normal museular development, the anthropometrist is faced 
with the difficulty that the chest measurements of either depth or 

5'The American Child Health Association (17) has sugg 
the depth of the chest a technique in which the flat calip 
below the lower angle of the scapula and the other 
nipple level. ‘This measurement has not been consi 


landmarks are more indefinite than they seem. 
extremely variable 


ested for the measurement of 
ers are applied with one arm 
on the front of the chest above the 
cred by us for several reasons: The 
The lower angle of the seapula is an 
landmark, differing as much as two interspaces on different individ- 
uals. The placement of the calipers on the front of the ch 
by the breast in the postpubescent female, and actual 
by the chest museles, 


est would be greatly influenced 
depth would be greatly influenced 
The measurement is not comparable with that used in standard 
anthropological circles in other parts of the world; 


but this would not be too important 
if the measurement were otherwise valuable. 
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circumference include a certain amount of muscular tissue. If 
measured at the level of the xiphoid, this includes primarily the 
musculature of the erector spinae group, the lower part of the belly 
of the latissimus dorsi, and, in the circumference and width meas- 
urements, some of the lower bundles of the serratus anterior. Thus, 
any measurements of the chest will include within the tape or cali- 
pers this muscular tissue in addition to the thoracic cage itself. If, 
then, the anthropometrist uses the chest measurements, he is partly 
“weighing the individual with the tape measure," while if he does 
not use the chest measurements, he omits the best measurement for 
the predietion of weight. 

It would seem that in not using these ehest measurements much 
more is lost than is gained, so they have been included, particularly 
the girth, as perhaps the most important measurement of all. It is 
felt that the diffieulty stated here will be found important only in 
those possessing an excessively heavy musculature. In such cases 
the experienced anthropometrist will not easily be mislead, and it 
is not this group who are, on the average, problems of malnutrition. 

The next problem is what chest measurements to use for weight 
prediction. The measurements suggested in the literature are 
depth, width, and cireumference. In measuring the depth, two 
methods have been suggested, that with the curved calipers and that 
with the flat calipers. All measurements at this station have been 
taken with the flat calipers because it was felt that this gave a 
better representation of the actual depth of the chest than did the 
curved calipers, which tend to exaggerate any chest malformations, 
such as funnel breast or pigeon breast. This seems to be the 
attitude of the largest proportion of the physical anthropologists — 
the standard measurement is taken with the flat calipers (20). 
However, the question is still an open one, and the measurement 
with the curved calipers may prove to be of greater value. 

There seems to be some feeling on the part of anthropometrists 
gathered from numerous informal conversations 


in this country ( f 1 
on the subjeet) that measurements of the cireumterence of the 


chest are more difficult of standardization, that the reliability is 
less, and that a combination of depth and breadth of chest is better 
adapted to the predietion of weight. This problem has been ex- 
atistieally in this laboratory, and the results tend to prove 


amined st SE S 
The reliabilities were dis- 


circumference the superior measure. 
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cussed above, and the cireumferenee was shown to be equally as 
reliable as either the depth or breadth measurement. 

Cireumference can be readily corrected for varying amounts of 
fat, and while such corrections could be carried out for both depth 
and breadth, the procedure is more complicated and would add to 
the administrative difficulties. 

It now remains to investigate the relative values of depth, width, 
and circumference for the prediction of weight. In this phase of 
the investigation, several groups of individuals were used and two 
approaches to the problem were tried. 

In the first approach the measurements taken by Clark were 
studied. She recorded the cross sections of chests of eleven chil- 
dren (ages seven to nine years) by using a lead tape applied to the 
thorax and transferring this to cross section paper.^ The cireum- 
ference, depth, and breadth were measured directly on this area, 
and the area itself was measured with the planimeter. She devised 
the following formula for computing the area from the depth, 
breadth, and circumference: 


Area = Wx D — L [2 (W D) =a}? 


The correlations of area with the three individual measurements 
and various combinations of the same and the formula were as 
follows: 


Actual area and depth 662 
Actual area and width 572 
Actual area and cireumference 975 
Actual area and formula 990 
Actual area and width x depth 871 
Actual area and the regression 
value of width and depth 888 (Ra.dw) 


Here it will be seen that when computed against the actual area, 
Clark’s formula gives the highest correlation; but the circumference 
itself gives a correlation of .975 with area, and this size of correla- 
tion is not approached by any other correlation using the variables 
of depth and width, either singly or combined. The logie of this 
approach lies in the faet that the chest measurements, to give the 
highest correlation with weight, should measure as accurately as 
possible the average cross section of the trunk. Hence the measure- 


6 The cross section in this case was computed by the formula proposed by Clark (11). 
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ment or combination of measurements that correlates best Been this 
eross section should be the best measurement to adopt. 

The question will be raised, of course, as to whether the Clark 
formula, developed from the measurements of young children, will 
be accurate in predicting the cross section of chests of larger per- 
sons. No experimental study has been made of this, but we have 
made the following attempt to verify the formula. 

A set of actual chest measurements was taken from the Clark 
data and each dimension increased 1.5 times, 2 times, and 3 times 
respectively. Since the same shape of the chest has heen retained, 
the areas would be increased 2.25, 4, and 9 times respectively. The 
dimensions, the actual areas, and the areas as computed by the 


formula are given below. 


Original 

Measurement Dimensions x 16 x 2 x3 
Depth 14.4 21.6 28.8 43.2 
Breadth 19.6 29.4 39.2 58.8 
Circumference 57.0 85.5 114.0 171.0 
Computed arca 238.15 535.86 952.61 2143.36 

Actual area 232.22 : 
535.84 952.60 2143.35 


"Theoretical area 


It will be seen that the computed areas and the theoretieal areas 
coincide throughout. 

For the next phase of this study the ehest measurements of seven 
age groups of boys and girls were analyzed. These groups were: 
one to six months, seven to twelve months, thirteen to twenty-four 
months, twenty-five to thirty-six months, six years, eleven years, 
fifteen years, seventeen to twenty-five years (college freshmen). 
Since the approach to the study of infant measurements differed 
somewhat from that on the other age groups, the findings will be 
tabulated separately. 

A study of these correlations leads to the following conclusions: 

1. With the exception of the fifteen-year-old girls, the eireum- 
ference of the chest has a higher ‘‘r’’ with weight than does either 
depth or breadth. 

9. In the college ages (the only ones where this was tried) for 
both sexes, circumference gave as high or higher correlation than 
did either cross section or width times depth. 

3. At all ages except eleven-year-old girls, when circumference 
was held constant with either depth, breadth, or both IECH 


or Ro.23/4); the resulting partial “r” was lower than when either of 
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Table 9 


Analysis of Chest Measurements as Predictors of Weight 


Boys | Girls 
Corre- Age Group 
lation* 
6 11 15 6 11 15 
Years | Years | Years College| Years | Years | Years College 
5285 — .6962 6765 5823 5057 -6159 


-6139 ,8324 


d S775 — .7648 — .7007 6301 
8145 8414 820 


8489 8487 mass 


416 


3165 — .3656 ATO0 «4795 
0307 — .1050 = d 1078 


4712 — 6955 6081 6416 B716 — 6023 
—.0496 — .3794 2034 — 1994 ii 
4312 T4 600 
—.1005 5816 
.2880 
A026 


620 
-808 


M6 


4823 


6628 
8147 — .8433 


8150 ` .8660 


-6905 


81 8695 ‘7491 
6327 — .78 7461 
+8228 9 


ai 8687 
-T487 4686 


aTT64 8700 


* The following is the key to be used with this table: 


0 = Weight 4 = Chest Circumference (Xi hoid Level 
1 = Height Cross Seetion of Chest (By Formula) 
2 — Chest Depth 6 — Width x Breadth 


3 = Chest Width 
t In this monograph, correlation coefficients and some other sta 


} any 
al correlations or other 
m to do so without 


the probability of introducing other errors due to successive rounding off. 


The probable error is not an ''error?! of the partieular data presented and 
studied, but of these data when they are used representative of all in- 
dividuals in that partieular Statistical universe, Within the error of 
measuring (not of sampling), the correlations are the correlations between 
these particular variables, with these particular cases, To introduce possible 
errors other than those of measurement by the successive rounding off of 
correlation coefficients does not seem to us to be justified by the fusis. 


t Multiple correlations of the nature of Rad may be read as meaning the 
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the other variables was held constant and the other two correlated 
against weight. This would indicate that, in general, eireumference 
*egntains more" of what makes up weight than does either depth 
or width. 

4. In all multiple correlations between combinations of these 
three variables and weight, (as Roos, Ros, or Ro.234); the ones con- 
taining circumference were higher than those not containing cir- 
eumferenee, except for eleven-year-old girls. 

5. In all age groups, multiple correlations of R, s, were higher 
than either Raa, or Rass In other words, cireumference predicts 
the best combination of depth and breadth better than either depth 
or breadth combined with cireumference predicts the other. 

6. In all age groups except eleven-year-old girls, the correlation 
of eireumferenee with weight is within .035 (about one probable 
error) of the correlation of the best combination of all three vari- 
ables with weight. 

7. In all groups except eleven-year-old girls, eleven-year-old boys, 
and college men, the correlation of circumference with weight was 
higher than the best correlation of weight with the best weighted 
combination of depth and breadth. In eleven-year-old boys, it dif- 
fered .015, and in college men, .02. 

With infants, total length was held eonstant throughout to avoid 
the influence of spuriously high zero-order correlations, sinee the 
comparative age range was greater. However, the regressions with- 


in each range were linear. 

From Table 10 the following conclusions may be verified : 

1. In the zero-order correlations the correlation of weight with 
circumference is in every case higher than that of depth or width. 

9. The same is true when height is held constant (r4). 

3. When one chest variable and height are held constant, and 
either of the other two is correlated with weight (rj,,,), the partial 
correlation is lower when the circumference is held constant than 
when either of the other ehest measurements is held eonstant. 

4. When two chest variables and height are held constant, and 


partial correlation between the variable zero and the best regression equa- 
tion weighting of variables 2 and 3 for the predietion of variable 0, with 


variable 4 held eonstant. The general formula for this type of correlation 


is: 
Bug... k/m... H = 


TS — E ülm....n ) UL" P02.Tm...n) (1— 1*03.12m. s D)o 


V 


2... (1— r*Ok.123.. ..(k—10)m....n) 


Table 10 


Analysis of Chest Measurements as Predictors of Weight 


Age, Months 
Corre- 
Jation* 1 to 6 7 to 12 | 13 to 24 | 25 to 36 
Boys 
T 
To, 
Tos 
To, 
Tos. 1 
To. 
Towa 
Tea 
Tos 
Toni: 
To 
LOD 
GER 
Te mm 
Tosan 
GER 
0.23/ 1 
TA 
Fo, 
0.234/ 1 
0.23/14 
0.21/13 
‘0. a 
Tu 479 
Tos 617 
To 714 
Toa EI 
Toa A56 
Tota .637 
Toris .266 
Toa —.058 
Tori 355 
Tos. —.015 
LS ‘544 
HU -500 
unn —.062 
Tos. —06 
dans 442 
nA d 2509 
A 3 1639 
A 3 os 
A à SEH 
DA : 06 
bie S SE 
0.31/12 1348 453 450 544 


* The following 
— Weight 
— Height 
— Chest Depth 
— Chest Width 


wyno 


6 


is the key to be used with this table: 
4 Chest Circumference 

Cross Section of Ch: 

Width x Breadth 


(Xiphoid Level) 
est (By Formula) 


| 
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the other chest variable is correlated with weight (rj,,,,), the par- 
tial correlation is lower with circumference as one of the variables 
held constant than when the other two are held constant. 

5. Multiple correlations with height held constant (Ro.23/1) are 
higher between any combinations of two chest variables where one 
is cireumferenee, than with depth and breadth alone. 

6. In multiple correlations with weight, in which height and 
one other chest variable are held constant (Ro.23/14), the multiple 
correlation is smaller when cireumference is held constant than 
when it is not. 

T. In every ease, Bun (the correlation of chest circumference 
and weight, with height held constant) is larger than R,,,/, (the 
multiple correlation of the best weighted combination of depth and 
breadth with weight, with height held constant). 

This analysis leads to the conclusion that in practically all age 
groups tried —and these age groups represent a fair sampling of 
both sexes up the age range — cireumference correlates with weight 
to a higher degree than other chest measurements, and in ages 
where this is not so, the difference is usually less than one probable 
error of the correlation coefficient. This indicates strongly that the 
cireumferenee of the chest is a better measurement than any other 
single chest dimension, and is usually better than the best com- 
bination of depth and breadth. 

Since measurements of the chest are ineluded in the multiple 
regression formulae for the prediction of normal weight largely for 
the purpose of adding the best possible measurement of the cross 
sectional skeletal component, further evidence that the cireum- 
ference is the best of the three chest measurements may be adduced 
from the factor analysis of the anthropometric variables. For con- 
venience, the corrected factor loadings of the cross sectional com- 
onent from Tables 4 and 7 in Chapter II are reproduced here. 


D ` à 
These represent zero-order correlations with this growth component. 
Age 
Years Width E Depth Girth 
Male 

a 8 4l 2 

6 55 55 T4 

10 Ad mu eg 

14 .25 .99 36 

.65 67 ER 


College 
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Age, 

Years Width Depth Girth 
Female 

4 .58 -80 
6 KH ERI 
10 AT Eni 
13 59 ,08 JL 
College .60 69 80 


Tt will be seen that with the exception of the ten-year-old males, 
the circumference is more heavily weighted with the cross sectional 
component than is either depth or width, and the difference in this 
age group is negligible. This is further confirmatory evidence of 
the relatively greater value of circumference as the ‘‘best’’ of the 
chest measurements, so far as predicting normal weight is con- 
cerned, 

Finally, when it is possible to use only one measurement to do 
the work of two or three without losing too much effectiveness, this 
should be done; for the simpler the administration of such methods 
of anthropometric appraisement, the more they are apt to be used. 
Hence we have decided to use circumference of the chest measured 
at the xiphoid level as the best measurement of the chest variable 
for the prediction of weight. 

Corrections for Anomalies of Chest Shape. — In certain situa- 
tions, very seldom met with, it may be desirable to measure depth 
and width of the chest for the purpose of correcting for too deep 
or too flat chests. We have shown above that the circumference of 
the chest correlated better with cross section of the chest than did 
the best combination of depth and width 
gether. There are times, however, when this cireumference-cross 
section relationship is not reliable. For example, let us consider 
the following artificial conditions: Suppose we have an area of 4 
square inches arranged in the form of a square, 2 inches on each 
side. The perimeter or cireumference will be 8 inches, If this is 
arranged in the form of a rectangle, 1 inch x 4 inches, the perimeter 
or circumference is 10 inches, In like manner, very wide, shallow 
chests will have spuriously larger cireumferences than 
chests, and the reverse will be true of 
chests. To compensate for this fact, a corr 


; even when multiplied to- 


normal 
harrow, flat, anthropoid 
rection factor in the form 
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Chest depth 
nay 


of a regression equation based on the chest index, Chest width’ " 
shest width bk 


be used. 
py = actual weight 
normal weight 
X = the chest index 
Then Y = .20X + .867 


Divide the actual over- or underweight decimal by this number to 
secure the ‘‘corrected over- or underweight.” 

For example, if the chest index is .64, (the average is about .71), 
Y would equal .2 x DÄ + .867 = .987. Assume that the child's 


: P E 97 

weight index, Y, is.97. He may then be assumed to ben or .983 
98 
times normal weight. It will be seen that even with this large 
deviation in chest index, the correction is slight. 


Measurements of the Hips 

Of the three measurements of the hips proposed in the literature 
— width at the erests of the ilia, width at the level of the tro- 
chanter, and the circumference over the largest part of the glutei 
— the first seemed on « priori grounds to be the one of choice. 
Sinee the purpose of the measurement is to prediet normal weight 
for a given skeletal framework, the major eriterion is that it should 
measure the bony pelvis and should not be unduly influenced by 
muscle and fat. 

The distribution of the fat of the body is not uniform. In ad- 
dition to the fat distributed just under the skin over almost the 
whole of the surface of the body, there are other accumulations of 
fat in what have been called fat pads. One of the most important 
of these is located on the sides and rear of the hips below the crests 
of the ilia, and over the outside of the greater trochanters and the 
upper part of the thighs. When the hip width is measured at the 
level of the trochanters, this measurement is made over these fat 
pads on either side; henee, this measurement differs more widely 
from the aetual bony width than does the measurement taken at 
the level of the erests of the ilia. Since it has been proposed in a 
recent study (17) to measure the width at the level of the tro- 
chanters, it was felt that some further study of this problem should 
be made. X-ray pietures were taken of the hips at the two levels 
with metal calipers held in place with the usual amount of pressure. 
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Over the normal range of plumpness, the difference between the 
caliper and the bone varied at the level of the erests from 1 to 5 
millimeters in males and from 1 to 8 millimeters in females. 
Measurements at the level of the trochanters varied from 1 to 8 
millimeters in males and from 15 to 93 millimeters in females. In 
stouter individuals the deviations were greater. In one stout male 
the deviation was 19 millimeters at the crests and 39 millimeters 
at the trochanter. In one stout female the deviation was 15 milli- 
meters at the crests and 63 millimeters at the trochanter. It should 
be remembered that these are deviations on one side only and that 
the variations in measurement will really be twice this amount. 
There is a need for a corrective factor to be applied if the measure- 
ment is to be a truly skeletal one. 

This correction is made from a “fat measurement’? with the 
calipers devised for this purpose,’ and is best obtained at a place 
where the skin and underlying layer of fat can be readily picked 
up in a double fold. This correction is more easily applied to the 
bi-cristal measurement from a skin and fat measurement made just 
above this point, than it is to the trochanter measurement, At the 
latter place, the fat is frequently too thick to pick up in a double 
fold, is much more adherent, and there is a larger fat pad present. 
This pad does not extend over the crest, 

The measurement of the cireumference of the hips presents all 
of the shortcomings of the measurement of width 
and is, in addition, complicated by 
of the gluteal muscles. There seems 


crests of the ilia. Hence this h 
Station without further study. 

It should be pointed out that if it 
width at the trochanters as accurately 
crests of the ilia, it would probably b 
dividual differences at the top in the flare of the pelvis introduce a 


certain error of prediction. At the present time this could be 
avoided only by the use of the X-ray, 


only safeguard is in having an ' who observes 
carefully and uses good judg: i 
ematical computations, 


were possible to measure the 
as it can be measured at the 
€ wise to measure both. In- 


7 These calipers are secur 


ed from the American Publi iati 
QUAD arridet Ge ublie Health Association, 50 West 
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Measurements of the Bones of the Limbs 

In the prediction of body weight it seemed logical to assume that 
individuals with a heavier bony build should weigh more than those 
with smaller bones. The size of the chest and the width of the hips 
give a partial estimate of the bony framework. It was felt that 
there was a need for measurements of the bones of the extremities 
of the body as well. There seemed to be only four places at which 
these measurements might be taken in such a way as to secure a 
reasonably close approach to the bony structures. These places 
were the width of the elbow over the epicondyles of the humerus, 
the width of the wrist at the distal extremity of the forearm just 
proximal to the carpal bones, the width of the knee at the epicon- 
dyles of the femur, and the width of the ankle taken with the flat 


Table 11 

Analysis of Joint Measurements as Predictors of Weight 

A E A E E P 

ajg $E 3 EIER 

S lo Sie ag 9. 09 1$ |.9 4S 
Core- | P AJH AJH A ajh ajh ajh 8 g 

r " o EI 

imn ele eli Ble [s za la 5 E 
to to to | Se to to to SE: 
9 Si sl s|99* 19 ei alir 5| PR 
Tu .7328 | .8446 .6432  .5518  .6046 .6948 
Tos 6645 .7724  .6063  .3930  .6801 .5518 
Tos .8519 .8972  .7461  .5338  .8789 .8097 
Ta .8091  .6341 .5836  .4793  .6726 .3686 
IA .5350  .5954  .3100  .5300  .3506 .5850 
Tos 2802  .5237 .4915  .6007  .9817 4956 
Tai 13730  .3026  .3825  .2882  .5070 .3400 
Tons 1188  .1805  .3044  .0924 .2088 .3015 
Tos.1 .6731 .7118 .6184  .5903  .8184 .5859 .5930 .6610 
Tha .5010  .8209  .5908  .3910 .7678  .6010 .6199  .7697 
Tits (2384  .0172  .2056  .2958  .1100 2001 —.0591  .0996 
M (0632 —.0788  .10S4  .0143  .1297  .2170 .0910  .2154 
Tia “1868 —.0332  .0814 .0985  .0395  .1998 —.0800  .0814 
Sain | 5119 .7807 4747  .6386 .7385  .6299  .5561 .7698 
Roa: .1891  .0820  .1502  .0994  .1297  .9572  .1835  .2154 


* The following is the key to be used with this table: 
x, = Weight 
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calipers over the malleoli with the blades of the caliper parallel to 
the inside of the foot. 

Four age groups for each sex were used in the first study. The 
groupings were coarse, but they were seleeted because linearity of 
regression was found throughout each range. The age groups were 
us follows: Males: 5 years, 6 months to 9 years, 5 months; 9 years, 
6 months to 14 years, 5 months; 14 years, 6 months to 17 years, 5 
months; and college freshmen. Females: 5 years, 6 months to 9 
years, D months; 9 years, D months to 13 years, 5 months; 13 years, 
6 months to 17 years, 5 months; and college freshmen. An analysis 
of the resulting intercorrelations shows the following faets, which 
can be verified from Table 11. 

1. With but three exceptions, the zero order correlation of elbow 
with weight was larger than that of wrist with weight; and without 
exception the zero order correlation of knee with weight was larger 
than that of ankle with weight. 

2. In all but the three exceptions noted above, the partial cor- 
relation between weight and elbow with wrist held constant (1, ,) 
was larger than the partial correlation of wrist and weight with 
elbow held constant (r,s). 

3. In every ease the partial correlation of weight and knee with 
ankle held constant (r4,,) was larger than the partial correlation 
of weight and ankle with knee held constant (r,,,). 

+. In all cases the correlation of weight with either wrist or 
ankle (elbow and knee held constant) was very small, so small as 
to influence a multiple correlation very little indeed. 

9. A correlation of weight with the best regression weighting of 
elbow and knee (wrist and ankle held constant) (Ry4,/,) was 
relatively large; while the reverse, the correlation of weight with 
the best regression weighting of wrist and ankle with elbow 
knee held constant (R,,,/,,) was small. 

6. When weight was correlated with knee (elbow held constant) 
Lt), the correlation was in every ease high, while when weight 
was correlated with'elbow and knee was held constant, the correla- 
tion was somewhat lower. This would indicate that in general knee 
contributes more to the prediction of weight than does elbow. 

T. When wrist and weight were correlated and knee held c 


and 


T. 
stant, the correlation was very low. 

It would seem clear from this picture that the measurements of 
wrist and ankle contribute relatively little to the total predictive 


on- 
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value if elbow and knee are used for the prediction equation. In 
further studies, wrist and ankle were omitted from consideration, 
but elbow and knee seemed to be worthy of further study. 

A second study of the effeet of bony measurements on the weight 
was made by measuring the bones of thirty-nine adult male matehed 
skeletons? and correlating these measurements with the actual 
weight of the whole skeleton. The correlations obtained were less 
than the true value as the weights of the skeletons were inconsistent 
due to differenees in the amount of drying out and in the amount 
of fat left inside of the bones. This was impossible to standardize. 
Consequently, these correlations are decidedly lower than they 
would be if the studies could have been made on fresh bones. 

The data available on the skeletons were the stature of the cadaver 
as recorded in the records of the laboratory, the length of the left 
clavicle, the widths of the humerus and the femur at the epicondyles, 
and the width of the pelvis." This was obtained by assembling the 
pelvis and binding it together with rubber bands, and then measur- 
ing it at the crests of the ilia. The results are seen in the follow- 


ing tabulation: 


* 


Zero Order Correlations 
4751 
4472 
.6130 


Partial and Multiple 


Toss = = .1452 
Tosius = = .0299 
Tomm — = .0894 
Tu — = .0647 
Ton — 

fum = 

Tons = -2408 

Tuas = -1889 


is to be used with the above tabulation: 
= Weight 3 = Pelvis 
Height 4 = Elbow 
= Shoulder 5 = Knee 


* The following key 


[U 
1 
2 


8 These measurements were made on skeletons of the anatomical laboratory of Wash- 
ington University through the courtesy of the director of the laboratory, Dr. R. J. 
The actual measurements were made by Dr. Helen Dawson of this Station. 


Terry. 
9 It was impracticable to attempt to assemble the bones of the wrist and ankle in 
such a way as to obtain a measurement of the widths of these joints that would be 


even approximately accurate. 
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From this tabulation it ean be seen that the length of the clavicle, 
which was the nearest approach possible to the width of shoulders, 
makes little difference if the measurements of hips and either elbow 
or knee are taken. There is other evidence,.to be presented below, 
that if the chest girth is also included (which was not practicable 
for the skeletons), the importance of shoulder width is further 
diminished. Hence this measurement is dropped from further 
consideration in so far as its effect upon the predietion of the 
weight of the skeleton is concerned. 

This tabulation also indieates that the widths of the elbow and 
knee alone are much more accurate than stature and hips, and are 
almost as accurate as the whole battery of measurements for the 
prediction of skeletal weight. This is the more surprising in that 
the width of these bones at the epicondyle correlates with the size 
of the bone at the shaft only .67 for the humerus and .52 for the 
femur. . 

Sinee the bony skeleton does make up an important part of the 
weight of the body, it seems desirable to retain the measurements 
that correlate highly with the bony skeleton in any regression form- 
ula that is used for the prediction of body weight until tliere is 
evidence to the contrary. 

It was impossible to measure chest girth on the skeletal material, 
but the question arises as to whether the inclusion of it would make 
it possible to eliminate the elbow measurement. If the circum- 
ference of the chest were correlated highly enough with the elbow, 
the elbow measurement might be eliminated from the regression 
equation and simplify the administration procedure. An attempt 
to solve this problem was made on the living. 

As has been stated, it was found that the variables of height, 
chest circumference, width of hips, width of elbow, and width of 
knee were of importance for the prediction of normal weight. Com- 

arative studies were made to determine the multiple correlations 
predicting weight when using height, girth of chest, width of hips, 
knee, and elbow, and in using the same measurements without elbow 
width. The results are seen in Table 12. It will be seen that there 
is very little difference in the resulting multiple correlations at any 
age. Therefore, to facilitate the computation, it was decided to 
omit the width of elbow in weight prediction, although an oceasion- 
al exceptional case might warrant its inclusion. 


To justify the inclusion of any joint measurements, analyses were 
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i 
^ Table 12 
Comparative Multiple Correlations Predieting Weight for 
Three Different Groups of Skeletal Measurements 


* Males Females 
Age Group Group | Group | Group | Group Group 
1* ose E 1* ow gsee 

2 Years to 

2 Years, .9458 .9098 .9791 .9266 

5 Months 

4 Years 9303 .9124 .8752 9666 9636 9576 
5 Years DEER -9100 8972 -9508 9442 9378 
6 Years 9265 9224 -9206 9059 8972 8875 
7 Years -9097 9042 .8941 .9433 9340 9298 
8 Years 9350 9247 -9105 -9106 9077 8880 
9 Years .9410 .9237 -9120 -9481 9481 9327 
10 Years 9248 -9180 .9113 .9339 .9315 .9153 
11 Years .9061 -9011 8726 KSE .9385 .9237 
12 Years .9068 .8960 .8759 .9298 .9289 .gooz 
13 Years 9741 9682 9533 .9313 .9279 .8983 
14 Years .9585 9573 9467 -9066 -9041 .8662 
15 Years .9517 9500 .0359 .8495 -8480 .1865 
16 Years KEN .9196 9034 8759 8749 7426 
17 Years .9266 9233 .9037 8756 8729 A977 
College .8986 8946 8753 9275 9275 -7966 


* Group 1 includes height, chest cireumference, hips, knee, and elbow 
** Group 2 includes height, ehest circumference, hips, and knee 
Group ght, 
*** Group 3 includes height, chest cireumference, and hips 


made for each age and sex from four years to college freshmen, and 
these results are also tabulated in Table 12. It will be seen that the 
inclusion of measurements of joints is of less importance in males 
than in females, and more in females after pubescence (twelve to 
thirteen) than before. For some reason, as yet not known, the 
bone measurements become of greater and greater importance in 
the female as postpubescent age increases, at least to the age of 
college freshmen. In the methods devised at this Station, ‘‘normal 
weight’’ is read from two charts, each giving regression values for 
two measurements (with constants of the equation incorporated 
into the tables), and it is as easy and hardly more time consuming 
to compute this from four measurements as from three; hence, we 
have left the knee measurement in, even in ages where it makes 
relatively little difference. This decision has been strengthened by 
experience with a number of somewhat atypical or asymmetrical 
individuals, in which cases the prediction of the norm is better, or 


* 
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nearer to the probable facts as ascertained by observation, when the 
knee measurement is included. 

Studies with the X-rays have shown that within a very large 
range of fatness the amount of fat over the epicondyles of knee and 
elbow makes little difference in the measurements. This is not 
true, however, of the very corpulent, and the addition of the meas- 
urement of knee or of elbow and knee may increase the predicted 
normal weight more than is desirable. As yet no satisfactory 
method has been devised to correct for this because of the fact 
that the skin with its subcutaneous fat is quite adherent to the 
underlying fascia in the regions of joints and cannot be consistently 
pieked up and measured at those points. However, the cases of 
extreme corpulency are not frequent, and the measurer soon learns 
to make any necessary allowances for them. It may be pointed out 
that from the standpoint of using these standards constructively 
for the benefit of the child, this makes little difference. The im- 
portant thing is not that one should be able to predict the amount 
of overweight to the tenth of a kilogram, for if the child is over- 
weight he is at least well nourished, so far as weight is an indica- 
tion of nourishment. The important thing is to evaluate the nu- 
tritional status of the child who is near the normal and the child 
who is below. It is found that these measurements of joints are 
aceurate within this range. The pressure used presses the epicon- 
dyles through the fat for all those whose weight is not more than 
8 or 10 per eent above the normal; henee these measurements assist 
in identifying the **normal" weight for the normal and the under- 
weight ehild, whieh is the important aspect of this problem from 
the standpoint of child welfare. 

As tentative conclusions the evidence adduced 
dicate that for the purpose of measuring the relative contribution 
to weight of the bony skeleton, the measurements of height and 
the widths of hips, knee, and elbow add definitely to the multiple 
correlations for the prediction of skeletal value, Tt is probable that 
the cireumference of the chest is also of value, though it has been 
impossible to verify this on the matched skeletons. When the meas- 
urement of the width of knee is included, the necessity for adding 
the measurement of the elbow is lessened, Further studies on the 
living in which total weight — not skeletal weight — was predicted 
indicated that the measurements of the elbow and knee were of 
lesser importance in the males, and in the females were of great 


above would in- 
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importance only after the age of thirteen. Since it is practically 
as easy, administratively, to add the measurement of the knee as 
it is to omit it, it is recommended that it be included to conserve 
the slight inerease in accuracy. In both sexes, it was found that 
the addition of the width of the elbow added too little to pay for 
its retention. 

Other Measurements Suggested in the Literature 

Preliminary studies had indicated that there was nothing of im- 
portance to be gained by the inclusion of the measurements of 
width of shoulders and of sitting height, frequently mentioned in 
the literature as being of value in the predietion of weight. Data 
on these measurements were analyzed for infants and older chil- 
dren. In the data on infants, the width of the knee was not in- 
cluded, but even without this, the results indicated that measure- 
ments of sitting height and shoulders might be omitted. These 
results are seen in Table 13. 

In every case, total height with chest girth and width of hips 
held eonstant correlates more highly with weight than does sitting 
height with chest girth and hip width held constant. The correla- 
tion of height against weight with sitting height, chest girth, and 
hip width held constant is in every case higher than the correla- 
tion of weight and sitting height with total height, chest girth, and 
width of hips held constant. In other words, in this combination, 
total height contributes more to the prediction of weight than does 
sitting height, giving the same kind of information but more of it. 

When the width of the shoulders is correlated against weight 
with height, chest, and hips held constant, the partial correlation 
is very low. In infants, neither sitting height nor shoulder width 
nor both contribute enough to raise the multiple correlation more 
than .01 — a contribution too small to make the inclusion of either 
measure desirable. 

Size of the II cad. 

Since the head is such a comparatively large part of the infant's 
body, it was thought that head size might contribute much to the 
prediction of normal weight. The cireumference of the head was 
added to the battery for trial, but in no ease did it add more than 
OL to the multiple correlation. The partial correlation of head 
circumference and weight with height, chest, and hips eonstant was 
18 in the age group studied; hence this measurement has been 


omitted. 
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Table 13 


Analysis of Relative Contributions of Sitting Height and Width of 
Shoulders to the Prediction of the Weight of Infants 


f Multiple Age, Months 
Ven 1 to 6 $ to 12 | 13 to 24 25 to 36 
Boys Ki 
R .950 955 852 882 
Tor.23 ATA 745 .532 519 
Teese EI .660 383 456 
Ta ms .062 .219 .018 110 
rose, KE —.054 255 .209 
fusis 384 498 .399 .993 
Girls 

R .951 .931 .862 .891 
fios .594 .650 581 .613 
Tos.23 .498 452 489 448 
Tos.129 063 —.123 .024 —.043 
Tos.123 —.100 —.004 .051 .003 
Tor.235 378 584 362 468 
* The following is the key to be used with this table: 

0 = Weight 

1 = Height 

2 = Chest Circumference 

3 = Hips 

4 = Knee 

5 = Sitting Height 

6 = Shoulders 


The second phase of this study was made on ages four, six, ten, 
thirteen (girls), fourteen (boys), and college freshmen. Multiple 
correlations were run predicting weight from height, chest girth, 
hip width, and width of knee, and for these plus shoulder width 
and sitting height. Partial correlations of sitting height and of 
shoulder width on weight, with height, chest, hips, and knee con- 
stant were also computed. From Table 14 it will be seen that in no 
ease do either of these measurements add more than .01 to the 
multiple correlation. For this reason these measurements were 
omitted, and we chose total height, cireumference of chest (cor- 
rected for fat), width of hips at the crests of the ilia (corrected 
for fat), and the width of the left knee as the skeletal measurements 
from which to compute normal weight for all age groups. 
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CHAPTER V 


THE SELECTION OF MEASUREMENTS: 
MEASUREMENTS OF FAT AND 
SUBCUTANEOUS TISSUE 


The research in this field is at present less complete than that 
in the field of over- and underweight or of breathing capacity. 
Relatively comprehensive studies have been completed on the upper 
age groups, but these have not as yet been extended down through 
the lower age groups. Pending the completion of such studies, the 
measurements which have evolved from the studies on the older 
Subjects may be applied to the younger children. 

The first study in this field which we have been able to find was 
that of Matiegka (31) who, in 1921, reported his efforts to evaluate 
the amount of the various elements concerned in the make-up of 
the body. Matiegka measured the fold of skin and fat with blunt 
pointed calipers, ‘‘with the exertion of a mild pressure just enough 
to enable the skin fold to slip out of the branches (of the sliding 
calipers) when the fingers do not hold it any longer." He meas- 
ured the skin fold on (1) the front of the upper arm above the 
biceps, (2) on the palmar side of the forearm at the level of the 
maximum breadth, (3) on the thigh halfway between the inguinal 
fold and the knee, over the quadriceps muscle, (4) on the ealf of 
the leg at the level of the greatest width, (5) on the thorax, half- 
way between the nipples and the umbilicus (at the costal margin), 
and (6) on the abdomen, halfway between the umbilicus and the 
anterior superior spine of the ilium. These measurements were 
made with a pressure that had not been standardized, exeept sub- 
jectively, and the size of the fold taken is not stated. Matiegka did 
not attempt to use this to develop a standard of nutritional status. 

In 1929 Franzen (17) proposed three measurements of skin and 
subcutaneous fat; one was taken on the front of the upper arm, 
one on the baek of the upper arm, and one over the calf, This 
latter was found to be too adherent to permit of its being used in 
all cases, and was abandoned. Frazen proposed standards for the 
ages of ten, eleven, and twelve for these subeutaneous fat measure- 
ments. These standards were developed from multiple regression 
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equations computed from measurements of height, width of hips 
at the trochanters (with pressure), depth and width of chest, and 
width of shoulders at the acromion. Franzen made a very real 
contribution in the technique of measuring this skin and subcuta- 
neous fat, in devising calipers for the purpose with springs of con- 
stant tension, and in proposing a standard technique. 

In the opinion of the present author, however, the proposed 
standards are based upon faulty assumptions. Franzen’s measure- 
ments upon which the standards are based inelude three (chest 
depth, chest width, and width of hips over the trochanters) which 
in themselves include fat. It is well known that the measurement 
over the hips at that level also includes a fat pad that is proportion- 
ately thicker than the fat of the other parts of the body. The effect 
of using measurements which include fat to predict normal fat may 
be seen in the following hypothetical case. 

On page 29 of Franzen’s book, one boy’s measurements are 
given. We have chosen this one to illustrate our point, as his fat, 
according to the computations presented, is about average. Let us 
suppose that he becomes fatter — fat enough that approximately 
half a centimeter of fat is added on all sides of his chest (inereas- 
ing both depth and width by one centimeter), and approximately 
two centimeters on each side of his hips at the trochanters. The 
contrasted measurements are shown in the following tabulation, 
in which the first column contains the figures as given by Franzen 
and the second as they would be with this amount of fat added. 
It should be kept in mind that in Franzen's equations the chest 
measurements are twice one diameter, as the sum of the measure- 


ments in inspiration and in expiration is given in each case. 


Effect of Increased Fat on Franzen’s 
Prediction of Normal Fat 


As 
Measurement Original* Changed 
Height 54.5 54.5 
Hips 25.9 30.0 
Chest depth 31.7 36.0 
Chest width 45.9 50.0 
Shoulders 30.3 30.3 
^t Normal?! amount of fat 
on front of bieeps by 27.7 36 


Franzen’s formula 

* Height in Franzen 's study is given in inches, 
diameters in centimeters, and fat measurements 
in an arbitrary scale, which is millimeters plus six. 
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In other words, it would seem that if bodily measurements which 
include fat are used for the purpose of computing fat, the results 
will show that fat children will be fat! If the boy used as an ex- 
ample above were to grow to be fat as has been indicated, his 
“norm’’ would have been increased from 27.7 to 36 — while his 
skeletal build remained the same. This has led us to reject this 
method of devising standards in favor of the method which will be 
discussed in the second volume of this series. However, Franzen's 
splendid pioneer study, undertaken at a time when there was no 
experienee in this field, has opened up the field, standardized the 
techniques, and should be the stimulus to many other studies whieh 
will advanee this aspeet of the work in nutrition within the next 
few years. 

Three studies (22, 29, 37) have been made in the field of fat and 
subcutaneous tissue at this Station. Since the method and scope 
of all three were similar, the findings will be summarized together 
in this volume, and detailed reports of cach study will be presented 
elsewhere. 

For the preliminary trials half a dozen fat subjeets, half a dozen 
thin subjeets, and about a dozen fairly average subjeets were chosen. 
Fat measurements were taken on a large number of locations on all 
parts of the body. Several of these locations were found to be of 
such a nature that in many individuals the skin was too adherent 
to the underlying muscle or other tissue to be readily pieked up in 
à double fold for measurement. These locations were rejected, 
and the experimenters proceeded to collect data upon a large num- 
ber covering the whole range (an ordinary random sample) of the 
age group studied. The locations retained for further study by 
each of the experimenters will be found in Table 15. 

The normal weight for each individual was computed from meas- 
urements of height, chest girth (corrected for fat), width of hips 
at the crests of the ilia (corrected for fat), and widths of elbow and 
knee at the epieondyles. These norms or regression values were 
then divided into the actual weight and the result multiplied by 
one hundred to obtain the percentage that the individual’s actual 
weight was of the normal weight, which quotient could be readily 
interpreted in terms of percentage over and under the normal 
weight. This percentage of over- and underweight was taken as 
one criterion of nutritional status, As will be shown in Chapter 
VI, over- and underweight are more dependent upon museular de- 


APPRAISING PHYSICAL STATUS 69 


velopment than upon fat in the largest majority of individuals. 
This means, of course, that the correlation of fat with under- and 
overweight will be lowered. No attempt was made to hold muscle 
girth constant as it was felt that while this would raise the eor- 
relation of fat and overweight, it would probably not change the 
relative rank of these correlations and would unnecessarily com- 
plieate the study. 

In the studies by Marshall and Royce, another criterion was de- 
veloped. All of the direct fat measurements were summed to ob- 
tain a criterion which was termed ‘‘total fat." (By direct measure- 
ments is meant measurements with the fat calipers directly upon 
a double fold of skin and subcutaneous tissue. The measurement 
obtained by subtracting the bi-cristal width of the hips (corrected 
for fat) from the width of the trochanters without pressure was 
omitted from this ‘‘total fat.’’) Correlations were obtained be- 
tween each fat measurement and the total fat measurements, as well 
as between each fat measurement and over- and underweight. This 
(total fat’? criterion was of limited usefulness, however, because 
as more and more variables were added in a multiple regression, the 
results became progressively spuriously higher, owing to the in- 
clusion of these variables in the eriterion. It was used primarily 
for comparing the zero order correlations and for confirming or 
weakening the evidence presented by the correlations with over- 
and underweight. 

The problem of the measurement of fat for the purpose of evalu- 
ating nutritional status is complieated by two faets. First, it is 


Figure 2. The Distribution of the Fat Pads on the Body 
(The shaded areas represent the distribution of the pads.) 
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possible to measure only the fat immediately beneath the skin. 
The fat on the omentum and other internal body fat may have a 
relatively large influence on weight and may be highly correlated 
with nutritional status, but at the present time it cannot be meas- 
ured directly. Second, the external fat, namely the fat just under 
the skin, is not evenly distributed over the surface of the body. 
There is a tendency for this subeutaneous fat to be deposited in 
greater amounts in certain locations in what have been termed by 
anatomists ‘‘fat pads." (See Figure 2) One of these is found 
above and behind the shoulders, just at and below the base of the 
neck; another is on the back and upper part of the arm, including 
the large part of the posterior aspect of the deltoid muscle and the 
upper half of two-thirds of the triceps region. A third is found 
over the abdomen starting from just above the umbilicus and run- 
ning down to the pubis and extending outward almost to the ver- 
tieal level of the anterior superior spines. Another set lies over 
and above the trochanters. There are two major pads in this group. 
One runs from almost the height of the umbilieus and extends from 
the vertical level of the axillary line, running downward and baek- 
ward over the area of the gluteus maximus and the back part of 
the gluteus medius. The second lies just below this and runs from 
about the anterior superior spine downward and diagonally back- 
ward to the part of the thigh just below the gluteal fold. This 
pad lies over the greater trochanter and sometimes extends quite a 
distance down the outside of the thigh. Another set of pads lies 
over the inside and outside of the thigh itself. These fat pads are 
present most noticeably in the postpubescent female. The fat seems 
to be much more evenly distributed in the prepubescent of either 
sex. The postpubeseent male develops the neck, back of arm, 
abdominal, and thigh pads more than the hip pads, while the post- 
pubeseent female develops all of them, but seems to develop the 
abdominal pads less and the hip pads more than the male. Even 
in slender and underweight postpubescent females the X-ray usual- 
ly shows from 2 to 5 centimeters of fat over the greater trochanter, 
while in the underweight male the calipers rest practically on the 
bone. i 

These facts about the fat distribution made it seem desirable to 
study postpubescent groups rather than prepubescent groups for 
the first survey of this problem in order to meet the problem in all 
its complications, and an endeavor was made to secure measure- 
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ments of areas with fat pads as well as areas without fat pads. Two 
types of measurements were taken. The one comprising far the 
greater number of measurements used the fat calipers developed 
by the American Child Health Association, which were applied di- 
rectly to a double fold of skin and subcutaneous tissue picked up by 
the fingers. The techniques used in this Station for these fat meas- 
urements are described in Chapter IX. The second type of fat 
measurement was applied only to the fat over the trochanters. The 
fat pads in this location present a rather difficult problem, par- 
ticularly in the postpubescent female and also in the relatively cor- 
pulent male. It is practically impossible to pick up fat over this 
region or in any place around the gluteal region. Hence, it seemed 
impracticable to attempt to measure this fat with the fat calipers. 
Two attempts were made to secure an estimate of this fat accurate 
enough to inerease the multiple correlations with the eriteria. The 
first was to compare the measurements of the width of the hips at 
the trochanter without pressure with the width at the same place 
using maximum pressure. The second was to compare the width 
of the hips at the trochanters without pressure and the width of 
the hips at the crests of the ilia with pressure and corrected for 
fat. The former was of little value, but this latter measurement 
gave excellent results. The zero order correlations with each crit- 
erion are seen in Table 15. Further study of these fat measure- 
ments was made with partial correlations. Certain of these fat 
measurements practically duplicated each other so that one added 
nothing appreciably to the multiple correlation with the criterion 
if the other was used. This enabled the experimenters to reduce 
the number of such measurements selected for the final battery. 
Several practical demands influenced the selection of the final 
battery. In the computation of over- and underweight the circum- 
ference of the chest and the width of the hips at the crests of the 
ilia must be corrected for fat. For the purpose of correcting the 
former it has been found that the measurements we have ealled 
ze front of chest’? and **baek of chest’? are the best measurements 
to use. For the correction of hip width the measurement of the 
fat in the axillary line just above the crest of the left ilium is used. 
Since these measurements would have to be taken anyhow, it was 
decided to put them in the battery if they added enough to justify 


their inclusion. . i l 
The width of the trochanters without pressure minus the bi- 
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cristal width of the hips with pressure, corrected for fat (This 
measurement will hereafter be called the ‘‘hip difference.’’), in 
both sexes gave a relatively high, correlation with the criterion and 
a correlation that was not partialled out by other measurements. 
In other words, it apparently measured something different from 
that measured by the other direct measurements. 

The final battery in these studies was reduced to the following 
two sets of measurements: 


Front of chest 
1, J Back of chest a l Front of arm 


Suprailiae "| Back of arm 
Hip difference 


To the first we have added the measurement taken halfway between 
the left nipple and the umbilieus. This adds relatively little to the 
multiple correlation but has the advantage of being readily picked 
up in all individuals. Occasionally individuals are found in whom 
it is very difficult to pick up the fold of skin in the location we 
have called ''chest front." This latter may be estimated very 
accurately by the curvilinear regression value from the nipple- 
umbilicus measurement. It will readily be seen that the first bat- 
tery may be used only in situations where it is possible to remove 
the subject’s clothing, at least to the waist. In situations where this 
is not possible, the second battery is suggested. This battery rep- 
resents very much the same thing as that proposed by Franzen and 
his coworkers. As will be seen in Table 15, the multiple correlation 
of this battery with the criterion of over- and underweight is 
decidedly less than that of the first battery. It ean be taken, how- 
ever, on one bare arm and is readily available in all situations, but 
should be considered a makeshift rather than a fundamentally 
sound criterion. 

The multiple correlations of the most important of these com- 
binations will be found in Table 15. A further attempt to de- 
termine the relationship of over and under fat to over- and under- 
weight was made in a study on young adults. The average of four 
fat measurements (front of arm, back of arm, front of chest, and 
back of chest) were reduced to deviations of a single skin and fat 
thickness from the average of all, and the result multiplied by the 
computed surface area of the body in square centimeters.” This 


10 Computed by Seammon’s formula, 394.56 WAT? x H.275 
from Dr. R, E. Scammon, University of Minnesota) 


(Personal communication 
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Table 15 
. Analysis of Measurements of Skin and Subcutaneous Tissue 
Junior 
High Adult Males Adult Females 
School 
Boys 
Measurement Correlations 
With With With 
Over- Over- Over- 
and and Ze and Tou 
Under- | Under- Under 5 
| weight weight weight 
I. Measurements on the Trunk 
1. Chest, front of 
axilla 44253 
2. Chest front .5025 .5540 .8335 5770 8776 
3. Chest side 4579 * bi 5947 .9125 
4. Abdomen, mid- 
way between 5438 8676 5909 9123 
nipple and 
umbilicus 
5. Abdomen, side of 
umbilicus 5216 8963 = * 
6. Abdomen, mid- 
way between 
umbilieus and .4828 .8678 .5185 .8949 
anterior su- 
perior spine 
7. Seapula, below 
spine .5026 .4998 4138 5776 8658 
8. Chest back 4078 .5676 .8216 -5088 .9089 
9. Back low A435 4956 .8515 
10. Side suprailiac 5085 5608 9113 6566 8930 
| IL Measurements of the Arms 
] 
11. Arm front .4063 .4652 .8202 .6110 .8399 
12. Arm back .3898 4609 8291 .5646 ER 
13. Forearm lateral 4526 8282 .5290 .8083 
IT. Measurements on Hip and Legs 
T 
14. Thigh front = 5016 8410 .6106 .8405 
15. Hip difference .5226 A873 -7238 .6116 


Tote: If measurement is left blank, it was not studied for that group. 
If marked with an asterisk, it was rejected after trial because it was too 
difficult to secure & satisfactory measurement consistently. The measure- 
ments included in this table are only those retained for serious study by 
at least one of the three students who have worked on the problem. 


74 IOWA STUDIES IN CHILD WELFARE 


Table 15 (Continued) 
Analysis of Measurements of Skin and Subeutaneous Tissue 


Corre- Adult Adult 
lation* Males Females 
Ros .5976 .6682 
Rss «6545 -7810 
Bis .6461 .6657 
Ross .6532 A187 
Ros .6260 -7686 
Piri .6518 «7784 
Ryn .6461 A743 
Roas .6852 7804 
Ras 4958 6368 
Rasi .9256 ‘9614 
Rese 9313 9656 
Ree 8830 8779 


* The following key is to be used with the above correlations: 
0 = Per cent over- and underweight 

Chest front 

Chest back 

Suprailiac 

Hip difference 

Abdomen, midway between nipple and umbilicus 

Arm front 

Arm back 

“Total fat” 


ONGAN 
Hud ul 


would roughly approximate the volume of fat over or under the 
average, so far as subeutaneous fat is concerned. This was corre- 
lated with the over- and underweight in kilograms. 
were: 


The results 


Males r = .3456 
Females r = .4620 


These results agree surprisingly well with the correlations of per 
cent over or under fat with per cent over- or underweight with the 
Percentage of over or under muscle held constant : 


Males r 
Females Lj 


Wo 
Ki 
Ee 
SS 


This agreement is the more surprising in view of the diffieulties 
of securing an accurate measurement of the actual aver. 
over the entire body. (See Chapter V, p. 111) 

The next problem to be studied was the determination of norms 
of fat for the individual. Attacking the problem philosophically, 
at least two approaches may be made, either of which may be de- 
fended logically. 


1. The average amount of fat of all healthy persons of a given 


age of fat 


APPRAISING PHYSICAL STATUS 75 


age and sex might be considered as the best. It has been stated, 
as a result of a study of insurance vital statisties (See footnote, 
Chapter III, p. 51), that the trend to beeome heavier in middle and 
old age is not favorable to longevity; yet a multiple regression pre- 
dietion of fat from skeletal build for eaeh age would undoubtedly 
indicate that the norm of fat was higher at each succeeding age. 
Statistically this is true, but physiologically it does not seem to be 
desirable. Furthermore, it may be argued that much over and 
under fatness is due to such physiological disturbances as over or 
under thyroid gland output, or over or under secretion of the 
posterior lobe of the pituitary gland. These physiological anomalies 
are deviates from desirability, and where they influence the fat 
deposits the result cannot be considered as normal, at least physio- 
logically. Hence, if we considered only the average of all healthy 
persons of a given age and sex, there would be a very large pro- 
portion of persons of linear build who would be found to be under 
fat, and the majority of those of lateral build would be found over 
the norm. However, the author inclines to this theory, for if a 
larger proportion of linears are undernourished and a larger per- 
centage of laterals are overnourished, this should not lead to the 
conclusion that malnourishment is normal or desirable for the 
linear and fatness is normal for the lateral. 

9. The second line of argument is that nature tends to build 
her own norms, hence the fact that the linears above have less fat 
and the laterals have more fat is in harmony with other natural 
conditions. While the argument is not impressive, it might be 
held that linears are, on the whole, the possessors of a higher basal 
metabolic rate, and hence need to dissipate heat more freely than do 
the laterals with their much lower average basal metabolic rate. 
e aids the linear to radiate heat more readily by not 


Hence natur 
, and proteets the heat of the lateral by 


insulating him with fat 
providing the thicker fatty coating. 

This second argument is clouded somewhat by the facts of our 
modern environment. Most children and adults of the social classes 
measured at this Station eat more and exercise less than they 
The lateral, with his greater digestive and absorptive 
ndeney to vagotony, tends to become fatter than he 
ì he would were he working at more strenuous 

The linear, on the other hand, with his constant 
tends to be more nervously 


should. 
area, and his te 
should, or that 
physieal labor. i 
tendeney toward sympathetieotony, 
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stimulated by the complexity of the environment than he would be 
in a more primitive or rural type of civilization, and has his di- 
gestive functions interfered with — and he adds less fat. In a 
more physiologieally and hygienieally normal environment, the 
lateral would probably be less plump and the linear more so. 
Hence, this seeond argument does not seem to be as clear-eut or log- 
ically convincing as is the first, 

Therefore, two possible standards are proposed. The first is 
simply the average of fat measurements for the age and sex, and 
the second is based upon build or type. 


Table 16 
Beta Weightings for Different Variables to Predict Total Fat 
E Height | Elbow Knee Hips e ind reed 
ferenee 
Boys 
5 —.5858 3865 +3300 3152 —.1107 —.0873 —.1144 
6 —.1927 —.0550 —.0293 2061 —.5415 — 1985 .8885 
7 —.6218 .2883 3074 — —.0064 —.0832 1432 2706 
8 —.0521 .2086 —.0742 4712 
9 —.8306  —.0978 3719 —.0585 .4306 
10 .0218  —.1682 —.0490 .0541 1143 
11 —.1435 -0461 -0189 2531 -0046 
12 —.1047 95 —.0641 1093 2307 
13 —.3330 3825 .1423 
14 -1518 —.1219 —.0575 «4774 
15 4057 —.1852 -1153 4875 
16 1096 0269 1104 0764 
17 0740 —,7260 —.6572 1.3699 
Girls 
SC 
S —.3094 .6016 
à —.1961 .9056 
d 6295, 7235 
: 1237 +3599 
^ =.1230 9624 
En 1302 -6192 
i -1248 6809 
{i ES 198 3294 
D ae 670 3955 
T qm —.0183 6357 
16 2435 Sen £u 
i [os 4578 6325 
: —.1859  4ppg 
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In attempting to determine norms based on body build, the first 
step was to select measurements for correlation with ‘‘total fat,” 
which is the sum of the six fat measurements in use at this Station. 
Obviously girths of limbs and measurements of the chest and hips 
when uncorrected for fat could not be seriously considered, as 
they contain varying amounts of fat within the measurements 
themselves. Hence the measurements selected were the skeletal 
measurements of height, chest dimensions (corrected for fat), hip 
width (bi-iliae, corrected for fat), and widths of the elbow and 
knee. To reduce the statistical labor, partial D weightings for each 
of these measurements with all the others held constant were com- 
puted." These are shown in Table 16. 

Upon studying these results, it was seen that in general height 
had a negative weighting. When ranked as to size, the order of 


Table 17 
The Prediction of Total Fat: Multiple Correlations Between Total 
Fat and the Combinations of Variables Indicated 


e Height 
Seet: Corrected 
S 3 
Age, Corrected Dee V Predicted Weight | Corrected Chest Girth 
Senec Chest Hips, Height Height 
Girth and 
Knee 
Males 
6 .256 .331 70 .200 
9 .319 .491 334 201 
12 165 362 154 .044 
15 .937 457 424 116 
18 to 
20 386 430 428 .367 
à Females 
6 ]| 305 491 A79 103 
9 538 .610 A98 .393 
12 291 .597 421 303 
15 376 554 -889 .285 
18 to E 
20 165 384 287 -143 


11 In this preliminary computation chest measurements were not corrected for fat, 
hence the fj weightings for chest will be somewhat spuriously large. 
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importanee seemed to be chest circumference, height, knee,? and 
hips. This is the same battery of measurements that is used to 
predict normal weight. Using chest girth corrected for fat, three 
different approaches were made to this problem. 

First, multiple regressions and multiple correlations were com- 
puted to best predict ‘‘total fat’? from these four variables. This 
study was limited to the ages of six, nine, twelve, fifteen, and 
eighteen. 

The second approach was to use only chest circumference (cor- 
rected for fat) and height to predict total fat, since it has been 
shown (Chapter II) that this index is an excellent one for designat- 


ing body type. These measurements were combined both in the 
Chest Girth 


index —————— and in a multiple regression equation. 
Height — * j I 5 Hn. 


The third approach was to use the measurements of height, chest 
cireumferenee (correeted for fat), width of hips (corrected for 
fat), and knee in the form of a weight predietion equation, that 
is, using predicted weight in the form of the *: 
Predicted Weight 3 e 
Saisie x The correlations of these form- 
ulae with total fat are seen in Table i. 

It will be seen that in almost every case the multiple regression 
value of height and chest girth (corrected) gave a higher correla- 
tion with total fat than did the index number of chest girth (cor- 
rected) divided by height. In most of the age groups tried, the 
“corrected ponderal index," or the cube root of predicted (or 
normal) weight divided by height gave a higher correlation with 
total fat than did the best height-ehest combinations, It will be 
recalled that this normal weight is computed fr 
height, chest girth (corrected for fat), 
fat), and width of knee. These same four variables, but with dif- 
ferent weightings, when used to predict total fat give the highest 
correlations with total fat, and these are in most cases significantly 
higher than the correlations with the corrected ponderal index. 

If, therefore, it is desired to estimate the deviations in over or 
under fatness from regression values based upon build, the best 
and most practicable method would seem to be to compute the norms 
from the regression equations based on height, chest girth (correct- 


corrected ponderal 
index,” or 


om the variables of 
hip width (corrected for 


12 Chest width was slightly higher than knee in girls, but not when chest girth was 
included. 
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ed), hip width (corrected), and width of knee. This, however, in- 
volves a separate set of tables and a separate set of computations. 
The next most effective method would be to use the corrected pon- 
deral index as the basis for norms. Since normal weight will prob- 
ably be computed, this will be available without further effort. The 
obtaining of the index is a matter of only a few seconds on the slide 
rule. As stated above, however, in our opinion the average value 
for all cases is the more satisfaetory norm to use. Both types of 
norms will be presented in the subsequent publication of standards. 

The relatively low multiple correlations will perhaps lead some 
readers to the belief that these norms are of no value. It should be 
remembered that fat is one of the most variable factors of the 
human body. It fluetuates with diet, rest, inaetivity, general health, 
and many other factors which have almost no relationship to phys- 
ique. The norms, therefore, may be both valid and important, even 
when the eorrelation between the predieted norm and the actual 
is relatively low. If the correlations were strikingly high, it would 
be much more suspicious, and would indicate that what was being 
predicted was not the norm, but the actual value. 


CHAPTER VI 


THE SELECTION OF MEASUREMENTS 
(Continued) 


MEASUREMENTS OF LIMB GIRTH 


The purpose of measuring limb girths is a two-fold one. As has 
been shown by Franzen (17), adequate muscular development is 
one of the most satisfactory indices of general nutritional condition. 
This is also indicated by strength tests, as shown by the work of 
Chamberlain and Smiley (10), in which strength, relative to size 
and age, correlated .64 with medical examination ratings (original 
work recomputed with triserial "r"). In addition to this, over- 
and underweight must be evaluated in the light both of fat and of 
muscular development. The best evaluation of muscle development 
is undoubtedly the strength test. If such tests are given and 
adequately administered, muscular measurements are quite un- 
necessary. Frequently these tests are not considered feasible, and 
they are very seldom useful below the age of ten. The work done 


in strength testing has been reported elsewhere and will not be 
discussed here (26, 27, 36). 


The nearest approach to 


a feasible measurement of muscular 
strength other than using the 


dynamometer has been thought to be 
the girth of the limbs. When the musculature of the limbs is well 


developed, the muscles of the rest of the body are also well de- 
veloped because during general muscular activity they are forced 
to take relatively the same amount of exercise as that undergone 
by the limbs. In a study of the relation between the girth of the 
limbs and the strength of the same, when corrected for fat, a cor- 
relation of over .90 was obtained with a group of one hundred 
fourteen-year-old boys (16). This is consistent with the fact, es- 
tablished by Weber (19, p. 42), that the strength of a muscle varies 
directly with its eross section. It is, of course, obvious that if the 
measurement is to be primarily of muscular tissue, the places meas- 
ured should not inelude viscera or other nonmuseular structures. 
In addition, the measurements should be as little influenced by fat 
as possible. These considerations at once rule out measurements of 
the trunk and leave for consideration only the measurement of the 
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limbs. Of the limbs, girths of the forearm and ealf are the least 
influenced by fat, while the thigh is the most influenced by fat, 
especially in the postadolescent female. The upper arm is also 
influenced greatly by fat in the postpubescent and corpulent per- 
son in whom fat pads on the back of the arm have developed. It 
may be pointed out, however, that for practical purposes the over- 
weight person is not the one with whom we are most concerned as 
to relative malnutrition. Hence the girths of the upper arm and 
thigh ean be used very well indeed with those who are either rel- 
atively normal or underweight. We have ineluded the girths of 
the upper arm, the forearm, the thigh, and the calf, therefore, as 
measurements for use in estimating the relative muscular de- 
velopment of the individual. 

A study of the correlation of the strengths of specifie muscle 
groups to the total strength of the body has been made on data 
secured from the Battle Creek College of Physical Education’? 
which represent a rather extraordinarily well-administered set of 
tests. The strength tests given at that institution are taken with 
the Kellogg dynamometer, an instrument which permits the taking 
of strength tests on comparatively isolated sets of muscles. All 
tests were administered by an expert and were made on young 
adults of rather better than average muscular development. Total 
strength was determined by adding all test results together, un- 
weighted. 1 

The multiple correlation of the combined strengths of the follow- 
ing funetional groups of muscles with the total strength of the body 


were obtained : 


Muscle Groups à i 
1. Wrist flexors and wrist extensors e ' ] 1 
(corresponding to muscles enclosed in forearm girth) .6681 6382 


Elbow flexors and elbow extensors À M 
(corresponding to muscles enclosed in upper arm girth) .7675 6048 

3. Knee flexors and knee extensors 8466 7333 

4, Knee flexors and extensors and thigh adductors 

(corresponding to muscles enclosed in thigh girth) 8976 8504 


5 xors and ankle extensors 

Se EE to muscles enclosed in calf girth) LCE? .1590 
6. Pectoralis major and shoulder retractors 8528 7582 
T. Latissimus dorsi and pectoralis major .8635 .8005 
8. Combined musele groups of numbers 1, 2, 4, and 5 .9351 .9247 


Men Women 


w 


kindness of Mrs. Ivalclare Sprow- 
Battle Creek College, Battle Creek, 


| 


re made available through the 


data We d 
S fessor of Physical Education, 


Howland, Assistant Pro! 
"Michigan. 
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It will be seen from the correlations listed above that the muscle 
groups measured in the girths of the upper arm, forearm, thigh, 
and calf correlate very highly with the total muscular strength of 
the whole body. (Groups 6 and 7 cannot be measured by the tape, 
but they correlate very highly with the other arm Strengths.) Fur- 
ther evidence to strengthen this assumption is reported in a study by 
Rump (38) in which it is found that similarly high correlations 
were obtained between one strength measurement and the best 
combination of all others. These tests were made with the Rogers 
battery of tests (36), and the results were as follows: 


Multiple Correlation 


Measurement With All Other Tests 
Combined 
Right and left grip -6280 
Knee extensors -6882 
Erector spinae -6592 
Elbow flexors and latissimus group -9047 
Elbow extensors and pectoralis major 9124 


The group tested was composed of high school students of the upper 
three grades. Correlations are uncorrected for 

If it could be assumed, as was indicated in the work of Faust 
(16), that, especially in the case of those not overweight, the girth 
of the limb correlates as highly as .9 with the Strength of the muscles 
his assumption was strengthened by 
above — then we might conelude that 


to it is not entirely 
eral strength present 


Strength tests are made by causing the subj 
a dynamometer which registers the total 
erted. Generally Speaking, these tests are 
of tests which measure the strength of va 
and the results are totaled, 


The strength score is presented in two Ways: The er 


ect to lift or Squeeze 
amount of Strength ex. 
compounded of a battery 
rious groups of muscles, 


ude total 
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score — usually spoken of as the ‘Strength Index’ — represents 
the total absolute strength score, regardless of the size or age of 
the subject. The second method is to use an index number obtained 
by dividing the total strength or strength index by the normal 
strength index for that age and weight. This has been ealled the 
“Physical Fitness Index," usually abbreviated as the P. F. I. 
This répresents the strength relative to the norm for the individual. 

In this laboratory, two studies have been made of this relative 
strength (Physical Fitness Index) and the relative limb girths, 
obtained by dividing the limb girth by the norm for that individual. 
The composition of these groups has been determined by the sub- 
jects for whom the data were available. 

The first group studied was composed of college women. This 
group would present this problem in all of its complexity, for the 
development of fat pads and the habits of relative idleness that 


many women fall into after the beginning of the senior high school 


would be present to a large degree. 
The correlations of the Physical Fitness Index and the residuals 


of muscle girth as determined from the chest size and widths of 
elbow and knee were as follows: 


Girth Correlation 
Upper arm 124 + .066 
Forearm 71 + .066 
Thigh —.009 + .067 
Calf 93 + .065 
Total (average) 151 + 000 


small correlations are discouraging. In the light of 
lationship of muscle strength and girths of the 
two explanations present themselves as pos- 


These very 
the studies on the re 
limbs cited above, 
sibilities. 

First, in these postpubeseent women the variations in fat are 
great. None of the limb girths are corrected for fat, for in this 
ease the purpose of the study was to determine the relationship of 
the girths as found to general bodily strength. It is quite possible 
that this large variation in the fat explains much of the finding. 
This is not the whole story, however, for in the further studies of 
these data relatively small correlations were found in these women 


between the individual muscle girths (correeted for fat) and the 


ken from the doctor's dissertation of Miss Aileen Carpenter, not 


4 These data are ta $ 
ee account will be made ayailable later. 


yet published. 4 full 
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Strength. The correlations were much smaller than the correspond- 
ing ones in boys. 

The second Possibility is more difficult to study effectively and 
has not been attacked as yet. The current physiological literature 


contract in maximum contraetions, but that when movements not 
involving much strength are undertaken by the muscles only a few 
of the fibers are thrown into contraction at one time. It has been 
proposed that the phenomenon, frequently observed but never 
measured, of a usually weak person suddenly manifesting great 
strength when hysterical or angry or delirious may be due to the 
fact that the individual is suddenly enabled to throw almost all of 
his fibers into contraction at one time, when, under normal con- 
ditions, this does not seem to be possible, 


s pon athletie ex- 
aking such tests, and a 
muscular development 
From 


perience, motivation, excitement, skill in t 
number of other factors, There may be 


In the Study by Faust (16) referred to ab 
tion between strength and girth of muscle wa. 
ing for attenuation, The formula used was: 


ove, the high correla- 
8 obtained by correct- 


pol ys, 
xy "OXY y, 


the girth of the muscle, 
he raising of the raw cor- ' 
ility of the Zero order cor- 
as quite accurate and re- 
"às not nearly as consistent, 
ys, this was probably due 
that ean be thrown into 


n 
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The second study was made on a number of high school boys of 
the University High School in Iowa City. The ages were from 
sixteen to nineteen inclusive. These studies were made in two dif- 
ferent ways. The first was like that outlined above for the women. 
One possible shorteoming in this method of study was seen in the 
proeedure of obtaining the Physical Fitness Index. 

The Index is obtained from a norm for age and aetual weight. 
In this strength test, two of the tests are (1) the leg lift, in which, 
in addition to the strength registered on the dynamometer, the 
individual has to exert enough strength to raise his weight, and (2) 
the back lift, in which he raises about another quarter of his 
weight. Hence, the overweight person will be somewhat handi- 
capped in having to lift more weight than that which might be 
considered ‘‘normal for his muscles,’’ while the underweight person 
will be aided a bit, thus influencing the numerator of the Index. 
The norm in the denominator is determined in part by the actual 
weight. In overweight persons, this norm is therefore spuriously 
large. Overweight is thus penalized both by decreasing the num- 
erator and inereasing the denominator of the fraction, while under- 


weight is similarly rewarded. 

To endeavor to meet this objection, the following procedure was 
adopted. To the total strength, one and one-fourth times the actual 
weight was added. The norm in the denominator was determined 
from age and normal weight, as determined from our Station 
standards. We shall call this the ‘‘Adjusted Physieal Fitness 
Index." The correlations with the residuals of the limb girths 
from the normal with both methods are as follows: 


Physical Fitness Index 
Girth Crude Adjusted 


Upper arm —.1390 0044 


Forearm —.0189 
Thigh —.2989 
Calf 


— 8204 


Total (averaged) 


From these correlations, it will be seen that the limb girths are 
not useful for predicting relative strength, although they are use- 
ful for predieting nutritional status in general. Much more study 
of this area of health and physieal status will be required before 


these problems can be settled satisfactorily. 
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RELATIVE CONTRIBUTION OF MEASUREMENTS OF 
OVER- AND UNDERWEIGHT, OF FAT, AND OF 
LIMB GIRTH TO THE ESTIMATION 
OF NUTRITIONAL STATUS 


This problem presents diffieulties in securing valid criteria of 
nutritional status against which to evaluate the fat and muscle 
measurements. Three attempts have been made to solve the 
problem. 

In the first it has been assumed that the percentage of over- or 
underweight must be used as at least a partially valid eriterion of 
nutritional status. Against this has been correlated the percentage 
of over and under fat and the percentage of over and under normal 
muscle girth, averaging all of the fat and all of the musele girth 
over and under normal percentages. It is apparent from the 
multiple correlations that there are other things in addition to these 
two that affect the under- and overweight. As has been mentioned 
previously, we have no method of determining the amount of in- 
ternal fat, or how well it correlates with the amount of ¢ 
fat, nor do we have the means at this w 
amount of muscle that has not been me. 
parts of the body. 

The results on two groups of eighteen- 
are cited as examples, This age, 
the fat pads, presents the most co 
studied : 


xternal 
riting of determining the 
asured — muscle in other 


and ninetceen-year-olds 
because of the development of 
mplieations of any of the ages 


X, per cent of over- or underweight 

*, per cent of over or under fat 

X, per cent of over or unde 
Correlation Males 


Ta 5543 


r muscle measured by the tape 
Females 


Toot 
Ros 


Ba. 
[on 


In studies of a number of younger age groups, from infants to 
adults, approximately the same relative weightings are found. The 
D weightings cited above are the regression weightings in standard 
score form and represent the relative contributions of each variable 
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to the eriterion variable. It will be seen from these correlations 
that the over and under muscle estimations are influenced relatively 
little by the amount of fat. Second, it will be seen that in so far as 
over- and underweight is a measurement of nutritional status, the 
relative girth of the limbs is a much better criterion of nutritional 
status than is the relative amount of fat. The exceedingly low 
intereorrelations between the over and under muscle and the over 
and under fat would seem to indieate that the estimation of the 
relative amount of muscle was influenced but little if any by the 
amount of subeutaneous fat ineluded within the tape. 


RELATIONSHIP OF LIMB GIRTHS AS DISTINCT FROM 
FAT TO OVER- AND UNDERWEIGHT 


An attempt was made to determine the influence of musele on 
under- and overweight, with the influence of fat eliminated. Owing 
to the faet that adequate fat measurements on the limbs were re- 
strieted to the arm, the study was made with the upper limb only. 
The study was limited to young male adults. The resulting cor- 


relations were as follows: 


x, per cent over- or underweight x, fat, back of arm 

x, girth of upper arm x, fat, front of chest 

x, girth of forearm x, fat, back of chest 

x, fat, front of arm x, circumference of chest 
(corrected for fat) 


Correlation Correlation 
Tolia) 4935 Tosca) .2762 
TOR) 3998 Tor A047 
To (1.21067) Ras ses .5338 
E Ro.sise/ ter .8325 
TG) Roy: 5106 
To (2.207) Ro. aise 4313 


This type of correlation may be read as follows: Tal is the 
correlation between the per cent over- or underweight and the girth 
of the upper arm with the fat on the front and the back of the 
arm and the chest girth (eorreeted for fat) held constant to arm 
girth, but not to over- and underweight. Ro.s456/127 is the correla- 
tion between over- and underweight and the best weighted com- 
bination of variables 3, 4, 5, and 6 (their regression value), but with 
variables 1, 2, and 7 held constant. 

the correlations listed above, it will be seen that the arm 


From 1 
relate rather respeetably with over- and 


and forearm girths cor 
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underweight when fat is held constant, and that this correlation 
is higher than the multiple correlation between over- and under- 
weight and the best weighted combination of all of the fat measure- 
ments together, with arm girths held constant. It will be seen, 
further, that the two arm girths or the upper arm girth alone, even 
uncorrected for fat, correlate even more highly with over- and 
underweight. These are always, however, in terms of deviations 
from their expected values from predictions based upon the chest 
girths, which, as has been stated, seems to be the one best variable 
for the prediction of normal muscle girth. Even higher correla- 
tions may be secured by using the deviations from the normal as 
computed from at least one other measurement (usually the width 
of the elbow or of the knee). 

These studies all agree in pointing to the fact that in so far 
over- and underweight can be taken as a eriter 
status — over- and underweight being computed as from a norm 
for age, sex, and build — muscular development is a more valuable 
measure of physical status than is fat; but both together prediet 
over- and underweight better than does either one alone. Further, 
over- and underweight is not perfectly predicted by both even in 
their best combination. This is probably due to several causes. 
First, the limited number of measures used in the estim 
comprise only a partial sample. 
cutaneous fat, and the fat, even undi 
distributed over the whole body. Second, the muscle girths are 
those of the limbs alone and negleet trunk museles entirely. 
Third, both musele girth norms and norms for wei 
from a smaller number of variables than would 
exact scientific purposes. This has been done, however, in the 
interests of practicality. It is thought to he more important to 
produce standards that can readily be used than it is to produce 
standards that will be more meticulously accurate but be too com- 
plicated for the teacher, physician, and nurse, 

A third study was made on two small groups of preschool chil- 
dren (males, seventeen cases; females, fifteen eases). Careful 
medical examinations were made on these children by a pediatrician 
of experience. This physician had previously experimented with 
methods of grading the children semiobjectively in both the medical 
examination and in his estimate of nutritional status. The blank 


as 
ion of physieal 


ation of fat 
They measure only the sub- 
er the skin, is not at all evenly 


ght are computed 
be optimum for 


WE dm 
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used for the marking of the various items of the ratings on nu- 
tritional status is shown in the following tabulation: 


Correlations of Doctor's Measure- 

Estimate of General Nutritional ment* Males Females 

Status (Presehool Ages) With: 
a -65 66 

Over- or underweight b 71 
e 76 Ad 
a B AG 

Over or under fat 36 ER 
e 56 61 
a 34 G4 

Over or under limb girths b 54 
e 36 ECH 
a .69 43 

Weight, fat, and limb girths** b .81 
H 82 61 


*a, b, and e represent measurements on different dates, spaced 


about four months apart. 

** Multiple correlations 

t, the physician studied the ratings of 
t the medieal findings of the physical 
d a “total nutritional score’’ on the 
ded in five categories 


After having filled’ this ou 
each item, took into aecoun 
diagnosis, and then assigne 
basis of these findings. The children were gra 


ranging from excellent to very poor. | 
After the ehildren had been measured by the anthropometrists 


of the Station, their over- and underweight indices, the over and 
under fat, and the over and under limb girths were computed (in 
terms of percentages of the norm), and the results were correlated 
against the physician’s ratings. The results are shown in the 


tabulation below. 
Correlations of Doctor’s Subjective Ratings 


of Specific Variables (Preschool Ages) with 
nts of the Same Variable 


Males Females 


Objective Measureme 
AS ive i tn bi 
Limb Girths ; ’ 1 AT E 
Doetor's estimate of fat and doctor's estimate of limb size A0 45 
Doetor's estimate of fat and build* —.07 — 49 

—.10 =.51 


Doctor’s estimate of limb girth and build 
Corrected Chest Girth 


*Build computed from Height 


90 IOWA STUDIES IN CHILD WELFARE 


It must be clearly understood that this represents correlations be- 
tween careful estimates and objective measurements. Low cor- 
relations are as apt to be due to lack of validity of the ratings of 
the physician as to lack of validity of the measurements. Franzen 
(17) found that the average reliability of two physicians rating 
the same children was not higher than .60. It is our belief that the 
validity of the ratings by the physician participating in this study 
is relatively high. There is evidence that he was not influenced by 
body build into overestimating the nutritional status of stocky chil- 
dren and underestimating that of slender ones. There was some 
evidence that he was more influenced by muscular development 
than by the amount of fat on the child. But on the whole, the 
internal evidence of the correlations tried with this small group 
would lead us to believe that the validity of his estimates would be 
at least as high as .7 or .8. Much of this opinion is based upon 
intimate knowledge of the conditions of the examinations and ean- 
not be supported by objective statistical findings. 

If this is true, and if the reliability of the physician's estimates 
is in the neighborhood of .80, then the correlations between the 
objeetive measurements of physical status (over- and underweight, 
over and under fat, and over and under museular development ) 
will be lower than would be represented by the facts. The ‘true 
correlations’’ would be better represented by correlations corrected 
for attenuation, which would be approximately 30 per cent higher 
than those in the table. 

There is no reason to believe that there is any 1 
the physician’s estimates than there is in the ok 
ments. Hence, these correlations may 
of the doctor’s estimates as much 


arger validity of 
bjective measure- 
be thought to be validations 
as validations of the measure- 
ments. Thus the high zero order and’ multiple correlations ob- 
tained with the physician’s ratings, even though obt 
a small sample, is indicative of the very high validity of both 
doctor’s ratings and of the anthropometrie standards, 

At the present, no other studies of these stand. 
with medieal estimates have been made. 


ained on such 


ards in comparison 
Such studies should be 
made as soon as possible, and on a comprehensive scale, Pending 


such results, those presented here may be cited to indicate the 
probability that these indices of over- and underweight and the 
relative amounts of fat and muscle have a high degree of validity 
as measurements of the physical status of the individual. 
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VARIABLES FROM WHICH TO PREDICT 
NORMAL LIMB GIRTH 


There are at least three possible ways in whieh this problem 
might be attacked: 

1. We might correct each limb measurement for fat by adding 
or subtracting 2 pi times the difference between the average fat 
thickness on that individual’s limb and the average of the homo- 
geneous group. This corrected measurement might then be pre- 
dicted from corrected skeletal measurements as is done in the pre- 
diction of normal weight. 

2. The limb might be measured as a whole, fat and all, and then 
compared with standards computed from other uncorrected meas- 
urements. 

3. The limb might be measured as a whole, fat and all, and then 
compared with standa rds computed from uncorrected measurements 
with certain fat measurements added in the predietion equation. 

The first of these three possibilities does not seem to be prae- 
tieable. As we have seen in Chapter V, the fat over the lower 
limbs is usually too adherent to be readily measured. The assump- 
tion whieh underlies the second possibility is that the amount of 
fat over the limbs is proportionate to that over the parts used as 
criterion measurements for predieting the girth of the limbs. This 
is not necessarily true and is most certainly not true in the predic- 
tion of the girth of the thigh in postadolescent females, where much 
of the thigh girth is dependent upon the fat pads just below the 
hips. Certainly the skeletal girths should not be corrected for fat 
in the prediction of the limb girths, as this would simply turn the 
measurement into one which was primarily a measurement of fat. 
Therefore, we eliminated the first approach and experimented 
statistically with the remaining two. 

In attempting to predict the limb girths, the variables of height, 
chest girth, and widths of hips, elbow, and knee were tried. The 
chest girth was selected in preference to depth and breadth because 
of the fact that the zero order correlations of chest girth with each 
of the limb girths were decidedly larger than those of either depth 
or breadth. In all ages, height immediately partialled out, and in 
almost all ages, hip width was eliminated when chest girth and 
either elbow or knee were held constant. The computations were 
made by laboriously but systematically trying one combination after 
another for each group. The details of this would be both endless 
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and boring if presented in their entirety. We shall therefore pre- 
sent only the results, which are seen in Tables 18 to 90. 


Table 18 
Highest Zero Order Correlation with Upper Arm Girth, Forearm Girth, 
Thigh Girth, and Calf Girth 


Age, p 
Years Variables Male Variables Female 
Upper Arm Girth 
Elbow 5917 h 
hes d d .7299| 
G Chest Circumference 4692 Chest Circumference H 
Elbow 6178 " 
5 GIE .6077 Chest Circumference 
6 Chest Circumference 7297 Chest Circumference 
T Chest Circumference -6854 Chest Circumference 
8 Chest Circumference 45350 Chest Circumference 
9 Chest Circumference -7300 Chest Circumference 
10 Chest Circumference «T796 Chest Circumference 
11 Chest Cireumference 6831 Chas PEU 
Chest Circumference 
12 Chest Circumference 821 Chest Circumference -7508 
13 Chest Circumference 8439 — Chest Circumference 7351 
14 Chest Circumference .8281 — Chest Circumference -7698) 
15 | Chest Circumference „s314 {Chest Depth “TORO 
Chest Cireumference Bréch 
16 Chest Cireumference A450 — Chest Circumference «6177| 
17 Chest Circumference -1838 — Chest Circumference .5307| 
18 Chest Circumference A451 Chest Circumference ku 
Forearm Girth 
Elbow 4487 " 
4 Chest Circumference ous — Chest Cireumfereneo +8057] 
Elbow 1027 : 
5 ee .6503 Chest Cireumference 1672 
6 Chest Cireumferenee 4613 Chest Circumference 4123 
Oo Chest Circumference A470 ` Chest Circumference +7725) 
; H Elbow d 1945 
8 Chest Cireumferene A780 XP 
BEE mf Chest Cireumferenee 7547) 
9 Chest Cireumference -6743 Chest Circumference 7979) 
10 Chest Circumference -7827 Chest Circumference -7913| 
11 Knee -7272 (Chest Depth «7332 
Chest Circumference -7220 ]Chest Circumference -7283) 
12 Chest Cireumferenee -7881 Chest Cireumference -7868) 


Zo 
e 
[^ 

E) 


13 Chest Circumference IR Elbow E 126 
d Chest Circumference 6975 
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Table 18 (Continued) 
Highest Zero Order Correlation with Upper Arm Girth, Forearm Girth, 
Thigh Girth, and Calf Girth 


93 


Age, 
Years Variables Male Variables Female 
Forearm Girth 

Elbow KEES 

i .8389 e 
d Bok Circumference E Chest Cireumferenee -6535) 
" ` - Elbow 6094 
15 Chest Circumference 8131 Ghost Civcunforsuce ‘5603 
16 Chest Cireumference 7460 Chest Circumference .5439) 
E ae Chest Width +4295) 
17 Chest Circumference 7591 Chost-(Gtecuniterance 3276 
18 Chest Cireumference .6729 Chest Cireumference -6932 

Thigh Girth 

4 Chest Circumference .6164 Chest Circumference 8128 

Knee 1251 " 
Chest Cireumf 4197: 
5 Chest Circumference 6887 FE Heu 
6 Chest Cireumference .7526 Chest Circumference 1696 
7 Chest Circumference 7133 Chest Circumference -7847] 
8 Chest Circumference -7388 Chest Circumference 8241 
9 Chest Circumference 44687 Chest Circumference 8100) 
10 Chest Circumference 8404 Chest Circumference -7617 
11 Chest Circumference .7362 Chest Circumference +7910) 
2 Chest Circumference -7917 Chest Circumference +7799] 
Chest Ci ference 8600 Hipa ELI 
13 a a amen > Chest Cireumferenee .6697| 
14 Chest Circumference 8149 Chest Circumference 6994 
r Chest Depth 0701 

81 4 
15 Chest Circumference 88 Ohare Gironmforente ‘5606 
16 Chest Circumference 7765 Chest Circumference .5676| 
Chest Width 6618 

- i VE 
Qn Chest Cireumfarones Bo Chest Circumference .5595, 
18 Chest Cireumferenee .7314 Chest Circumference 41255 
Calf Girth 

4 {Elbow 8044 (Elbow 7228) 
Chest Circumference 4976 )Chest Circumference .7116 
5 Chest Circumference .7069 Chest Circumference 7987 
6 Chest Cireumference -7788 Chest Circumference -8309 

Knee 6617 S 

Chest Cir 
4 Chest Circumference .6478 est. Circumference RES 
8 Chest Circumference «7477 Chest Circumference -71825 
9 Chest Circumference .6495 Chest Circumference 7041 
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Table 18 (Continued) 


Highest Zero Order Correlation with Upper Arm Girth, Forearm Girth, 
Thigh Girth, and Calf Girth 


A - 
Xii Variables Male Variables Female 
Calf Girth 
10 Chest Cireumferenee .8073 Chest Circumference 7251 
= 589. ` 
11 ge " 58 i Chest Circumference 1309. 
Chest Circumference .6885 
Knee 7899 d 
2 z Chest Cireumferenee .1234 
E Ié Cireumference 41994 v 
S o4 [Knee Km 
Ze KE SH [Chest Circumference .6635| 
14 Chest Circumference .8039 Chest Circumference 6402) 
d Knee 1899 (Knee .6714 
18 leves Cireumference .7394 )Chest Circumference 
e "e Knee 
16 | Chest Circumference 6753 Ghost: Orense 
Knee Chest. Width 
zi Chest Cireumferenee Chest Cireumferenee 
Knee 
st Ci f .560 : 
18 | Chest Circumference 5608 Gieat: Ginumtironce 


It will be seen that in almost all ages chest girth is the one best 
measurement for the prediction of all of the muscle girths. Where 
two measurements are used, in most instances it will be chest girth 
and elbow width for the prediction of the girths of the upper limbs 
and chest girth and knee width for the prediction of the girths of 
the lower limbs. Where there are exceptions to this rule, it will 
be seen that these values are very close, usually within one probable 
error of the multiple correlation. The third set of measurements 
includes a fat measurement. The relative values of these may be 
seen by eomparing their multiple correlations. 

The correlations with the three skeletal variables were also com- 
puted. The addition of a third variable very seldom increased the 
multiple correlation more than .01. When the best two were eom- 
bined with the best fat measurement, the multiple correlation was 
frequently inereased appreciably (from .04 to .10), but the influence 
was not at all consistent, and the ‘‘best’’ fat variable seemed to 
have no logical relationship to the girth measured, as for instance, 
the ehest fats might be much superior to the arm fats for predieting 
arm girth. We have therefore decided to use only skeletal meas- 
urements as being safer guides to relative nutritional status. 
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CHAPTER VII 


BREATHING CAPACITY 


By breathing capacity is meant the measured amount of air that 
an individual ean breathe out by foreed exhalation following as 
full an inhalation as it is possible for him to take. "This has also 
been called in the literature ‘‘lung capacity,” and *' vital capacity.” 
The first term, lung eapacity, seems to us a misnomer because this 
measurement does not determine the eapaeity of the lungs, for after 
the complete exhalation there is still left the residual air which can- 
not be exhaled. The term ‘‘vital eapacity"' is quite meaningless and 
misleading and is based upon questionable assumptions. What is 
really meant is the amount of air that can be breathed out ; hence we 
have seleeted for use the term adopted by Dr. Bird T. Baldwin, first 
director of the Iowa Child Welfare Research Station, the ** breathing 
capacity of the lungs.” 

The breathing capacity has long been used as one measure of 
physical status. The validity of the crude measurement as a meas- 
ure of physical fitness, however, has not been very well established. 
At the present time the use of breathing capacity as a valid and 
effective measurement of physical status partakes as much of the 
nature of a problem as of that of a determined standard. 

Attempts have been made to use breathing capacity for the fol- 
lowing purposes: 

1. To measure the relative physical robustieity. The fact that 
outdoor workers and athletes have a larger average breathing ca- 
paeity than do sedentary workers and nonathletes has been thought 
to be of significance. 

2. To indieate the presence of potential or actual disease: for 
this purpose a subnormal standard has been proposed. All cases 
falling below that standard are classed as medically suspicious 
(Campbell (8), Myers (34), Turner (43)). The use of breathing 
capacity as an indication of relative recuperation from certain dis- 
eases has also been substantiated (MeCloy (25)). 

3. To measure relative physical adequacy. This differs from the 
first use in that it attempts to measure not active physical perform- 


15 The history of the studies in vital capacity and of the uses of the measurements of 
vital capacity can be found in Meyers, Vital Capacity of the Lungs (34). 
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ance ability or potentiality but exuberance or excesses of potential 
health. It is the opposite of using breathing capacity as a predictor 
of aetual or potential diseases (Turner (43)). 

To utilize this measurement for either of the purposes stated 
above, several important considerations must be kept in mind. 

1. The measurement must be accurate. It is at this point that 
much of the disappointment in the use of breathing capacity has 
centered. The necessary precautions for insuring accuracy are 
diseussed in Chapter IX. 

2. The standard or normal breathing capacity should be one that 
is fair to the individual. The various studies in this field have 
seemed to indieate that a weighted combination of age, height, and 
weight is superior to any other simple and practicable combination 
of measurements. The standards for computing normal breathing 
capacity have been presented in another Station publication (21). 

Various authors have proposed the surfaee area of the body (as 
computed from height and weight by the DuBois formula (15)) as 
a basis for estimating normal breathing capacity. Studies includ- 
ing this variable have shown that it has no advantages over other 
combinations of height and weight and is based on a priori assump- 
tions that have not been validated.’ 

Where the normal weight of the individual is available (as com- 
puted from skeletal measurements after the method suggested in 
Chapter III), this should be substituted for weight in all formulae 
for computing breathing capacity. The reason for this is that the 
normal weight gives a measurement of the body as it should be, for 
which size of body the lungs should be adapted. Additional fat 
piled up on the outside does not in any way affect the size of the 
thoracie cavity. In cases of obesity, the norm for lung capacity as 
predicted from actual weight will be far too high. On the other 
hand, when the norm is predicted from weight that is decidedly 
below standard, the result is too low and is apt to give a spurious 

16 This assumption is that the breathing capacit. 


the surface area of the body because of the belie! 
almost perfectly correlated with the surface area. 

tion that the metabolic rate is determined largely by the amount of heat radiated by the 
body, which is in turn determined by the amount of area exposed to the nir. There is 
very little factual evidence to support this belief other than that there is a fairly high 
correlation between surface area and basal metabolism, as there is between surface area 
and breathing capacity. Benedict and Carpenter in The Metabolism and Energy Trans- 
formations of Healthy Man During Rest (5) have shown higher correlations with mul- 


tiple regression weightings of height and weight and metabolism than they found between 
surface area and metabolism. Kelly (21) has found the same to be true for breathing 
capacity. $ 


y should be perfectly correlated with 
f that the metabolism of the body is 
This belief is based upon the assump- 
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confidence in the physiological adequacy of a subnormal breathing 
capacity.” 

The multiple correlations obtained from correlating breathing 
capacity from height and normal weight as contrasted with height 
and actual weight have been obtained for only three age groups of 
males and females. The correlations obtained are as follows: 


Age, Height and Height and 
Group Actual Weight Normal Weight 
Twelve-year-old males 4161 791 
Twelve-year-old females 746 
Fiftcen-year-old males .861 
Fifteen-year-old females 546 
Eighteen-year-old males .599 
Eighteen-year-old females 452 


Various attempts have been made to ascertain whether or not 
other measurements might be added to those of age, height, and 
weight for the purpose of more accurately predicting breathing 
capacity. For this purpose multiple correlations were computed 
between breathing capacity and various multiple regression weight- 
ings of combinations of height, weight, chest girth, hip width, widths 
of elbow and shoulder, and in some other studies done elsewhere 
than in this Station, with a number of other measurements as well. 
The results have been somewhat conflicting, but, in general, have 
not been of such a nature as to warrant adding any other measures 
than height and weight to the formula for computing breathing ea- 
pacity for any one age. Detailed results on some of these studies 
are presented in Table 21 and in the following tabulation : 

Multiple Correlations of Breathing Capacity and Combinations of Other 

Variables (From ‘‘fit’’ adults of the British 
army air force*) 


Breathing capacity and: 


Height and weight 6222 
Height and chest girth e .6246 
Height and shoulder width .6139 
Height, chest girth, and weight 6283 
Height, shoulder width, and weight .6367 
Height, shoulder width, and chest girth .6392 
Height, shoulder width, chest girth, and weight 6423 


* Cripps, Greenwood, and Newbold (12) ` 


17 If it is desired to compute normal breathing capacity from age, height, and weight 
without computing the normal weight, the best thing to do is to estimate as nearly as 
possible from the actual weight and the appearance of the individual what his normal 
weight should be. This, of course, will be important only in the two extremes of over- 
and underweight, and the work of measurement and computation necessary to obtain 
normal weight would not be justified for the purpose of computing normal breathing 


capacity alone. 
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Table 21 
Multiple Correlations of Breathing Capacity and Combinations of 
Other Variables 


Males Females 
Corre- 
lation*| 10 12 14 [i$to20| 10 12 13 {18 to 20 
Years | Years | Years | Years | Years | Years | Years | Years 


Rosse | -687 .870 ap ` .666 207 — 28 au 


San | -687 867 — .815 oo 346 äm au 
Ross | 678 844 814 ` .661 346 — .794 — 4401 
| MM mm am an ` mmm 446 — .724 ` 480 
fus 659 — .824 — .800 443 — 709 — 458 
Tos 499 — .783 3419 mm 388 
To 378 
Ros 423 


*The following is the key to be used with this table: 

Xo = Breathing Capacity X, = Shoulder Width 

x, = Weight E Hip Width 

x Height X, = Width of Elbow 
= Chest Girth 

In all but the 18 to 20 year old men, height correlated higher than 
any single variable. In this group, weight and chest girth were slightly 


higher; but the weight-height multiple correlation was larger than that 
of weight and chest, 


It should be pointed out that almost all of the measurements used 
for the prediction of breathing capacity are the standard anthropo- 
metrie measurements of the type that are usually thought of as 
skeletal measurements and have not been chosen particularly for 
their probable adequacy. It should be clear that the breathing ca- 
pacity is not equivalent to the volume of the thoracie ea 
addition to the fact that this volume is occupied by var: 
of other visceral org 


vity. In 
ying amounts 
ans, the amount of air that can be exhaled in a 
forced exhalation is probably as much dependent upon the contract- 
ability of the thorax as upon its size. This contractability may as 
well be due to the relative slant of the ribs from the spine as to its 
museular and ligamentous elasticity. Further attempts to measure 
the size of the thorax have so far omitted all reference to vertical 
measurements of the thorax itself. It should not surprise us, there- 
fore, that the correlation between the prediction equations and 
breathing capacity is relatively low. To date, no really adequate 
study of this field has been presented. 

In view of the results presented in the table, it is felt that since 
height and weight, when properly combined in a regression formula 


for each age, predict the breathing capacity with an accuracy that 
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differs but slightly from that obtained when other anthropometrie 
measurements are added to the formula, the addition of such other 
measurements would not be justified from an administrative point 
of view. Until further researches which take into account other 
kinds of variables demonstrate that more complieated procedures 
present improved methods of computing the normal breathing ea- 
pacity, it is recommended that the norm be computed from height 
and normal weight, or where normal weight is not available, from 
height and approximated normal weight, or from height and actual 
weight. Standards for this are found in Kelly's study. 


CHAPTER VIII 


MEASUREMENTS SELECTED FOR EVALU- 
ATING PHYSICAL STATUS 


A summary of the findings of the preceding chapters is in order 
for the purpose of making clear the measurements indicated for 


the evaluating of physical status from anthropometric methods 
alone.!5 


I. Measurements for Determining Normal Weight and the Percentage 
Deviation from Normal Weight 

1. Weight 

2. Total height 

3. Chest eireumferenee, measured at the level of the base of the 
xiphoid cartilage (corrected for deviations from the average of 
fat and subcutaneous tissue) 

4. Width of the hips at the crests of the ilia (corrected for devia- 
tions from the average amount of fat an 

5. Width of the knee at the epicondyles 


II. Measurements for Determining the Relative Amount of Subcutaneous 
Fat on the Body and for the Secondary Purpose of ‘Correcting’? 
Chest Circumference and Hip Width 

l. Arm front 

2. Arm back 
These two measurements are to be taken onl 
measurements may not be taken because t. 


be measured without clothing. 
3. Chest front 


4. Chest back 


d subeutaneous tissue) 


y if the following 
he subjeets cannot 


These two measurements are used to correct chest girth for de- 


viations from the average amount of fat, 
. Bupra-iliac 


Gi 


This measurement is used to correct hi 
viations from the average, 
6. Abdominal (midway between nipple and umbilicus) 
7. Hip difference 
This is not taken with the skin calipers, but is the difference 
between the hip width at the trochanters, taken without 


pressure, and the hip width at the crests of the ilia, corrected 
for fat, 


p width for fat for de- 


ques used for the taking of th iven i 
Chapter IX. ese measurements are given in 
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UI. Measurements for the Purpose of Determining the Actual Limb Girths 
and Norms for Limb Girths (for Determining Muscular Development) 
1. Girth of upper arm 
2. Girth of forearm 
3. Girth of thigh 
4. Girth of calf 
These measurements are used to measure the actual size of the 
limb at the point where the greatest amount of muscle is in- 
cluded within the tape. 
. Width of elbow at the epicondyles of the humerus 
. Width of knee at the epicondyles of the femur 
- Girth of chest at the level of the xiphoid cartilage 
These last three measurements are used for the purpose of de- 
termining normal or standard limb girth. 


Naw 


IV. Measurement of the Lungs 
1. The breathing capacity, or the total amount of air which can be 
exhaled into a spirometer after a maximum inhalation 
For the purpose of determining the standard breathing capacity 
the height and weight seem at the present time to be the most 
practical measurements to use. As is indicated in Chapter VII, 
however, the chest circumference in some age groups adds definitely 
to the predictive value of height and weight. These measurements 
are all included in the ones used for determining what is normal or 
standard weight. 


V. Supplementary Measurements 
1. Depth of chest at the level of the xiphoid cartilage 
2. Width of chest at the level of the xiphoid cartilage 
These measurements are useful in a very small number of cases 
for the purpose of ‘‘correcting’’ the chest girth in such persons as 
have exceedingly flat or exceedingly barrel shaped chests. The 
measurements are of very limited usefulness and may well be omit- 
ted in routine measurements. (See Chapter IV) 
VI. Indices of Body Build 
Weight% 
' Height 
2. Chest Circumference 
Height 
In the light of our present researches from the standpoint of 
evaluating physical status, these measurements seem to be all that 
are really useful, at least in view of the limitations imposed by the 
demand for economy in time in almost all sehool and other institu- 
tional situations. Detailed standards for applying these measure- 
ments will be published in Volume II of this series. 


CHAPTER IX 


LANDMARKS AND TECHNIQUES OF MEAS- 
UREMENT USED IN THESE STUDIES 


Teehniques of measurement in physical anthropology differ wide- 
ly throughout the world in spite of the number of attempts made 
to standardize them. In 1912 a commission of the Fourteenth 
International Congress of Prehistoric Anthropology and Archaeol- 
ogy presented a report whieh was adopted by the Congress and 
termed The International Agreement for the Unification of the 
Anthropometric Measurements to Be Made on the Living Subject. 
(20) This report, however, is extremely indefinite in many parts 
and is as much honored in the breach as in the observance by 
anthropologists generally. 

Furthermore, these measurement standards were devised for the 
physical anthropologists who were concerned primarily with the 
comparison of bodily dimensions of the classes and races of man- 
kind, who made no attempt to allow for differences in relative fat- 
ness of the body (fat measurements are not included in those tech- 
niques), and who were not in the least interested in the determina- 
tion of the physical status of the measured. 
this Station and of anthropometrists in gener: 
minute differences of physical st 
of teehniques is needed. 

In the set-up of this study a careful investigation was made of 
techniques employed in the various institutions of this kind in this 
country as well as of the published accounts. The international 
Agreement (20, p. 10-33) and the methods pursued by Rudolf 
Martin (30) were studied most carefully and conferences were held 
with a number of anthropologists in this country 
terested in the problem of measurement for the estim: 
ical condition. Certain modifications were made in 
used techniques, and the methods finally adopted are herewith pre- 
sented. Where they differ from those commonly aceepted, or where 
these present a technique which is not accurately indicated in the 
literature, the reasons for the same are given. 


Before the techniques are discussed, the landmarks used and the 


For the purposes of 
al who wish to study 
atus, a more rigid standardization 


who were in- 
ation of phys- 
the commonly 
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instruments employed must first be listed and described. The land- 
marks and instruments indicated include only those employed in 
taking measurements which have been diseussed in this study. 


LANDMARKS 


The following landmarks are deseribed : 

l. Vertex: This is the highest point of the erown of the head 
when the individual is standing with the head in position for 
measurement. (See 4 below) 

2. Tragion: This is the spot at the top of the small cartilaginous 
flap on the anterior border of the junetion of the face and the ear 
just in front of the ear canal. 

3. Orbitale: This is the point at the lowest border of the orbit 
of the eye. If one feels through the skin along the lower bony 
orbit, a small noteh just below the center of the eye will be found. 
This marks the position of the orbitale. 

4. Frankfort plane: This is a plane which runs through the 
tragion and orbitale of the two sides. In measurements of heights, 
this plane should be parallel to the ground. 

5. Aeromion: This is the outermost border of the acromion pro- 
cess of the scapula. In locating this point in those who are corpu- 
lent, the examiner will be aided by running his finger along the 
lower border of the spine of the seapulae out around to the outer- 
most edge. The landmark should be located at the point of the 
skin direetly above the outer border of the aeromion. 

6. Thelion: On prepubescent children and adult males this is 
the middle point of the nipple. On post-pubescent females, in 
whom the breast may have descended somewhat, this landmark is 
in the sagittal plane of the nipple, but the horizontal plane is at 
the upper border of the fourth ehondro-sternal articulation. 

7. Omphalion: This is the umbilieus. 

8. Abdominal: This is the point midway between thelion and 
omphalion whieh is used for the so-called abdominal measurement 
of subeutaneous fat. 

9. Xiphoid: The xiphoid cartilage, when present, is just below 
the lower end of the sternum and ean be palpated in most males, 
though it is missing in many females. The tape is passed over 
about the middle part of the body of the xiphoid cartilage, or the 
plaee where the xiphoid would be if present. 

10. Ilio-eristale: This is the widest part of the crests of the ilia 
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at the point tangent to the flat calipers when the planes of the 
blades of the calipers are parallel to the sagittal plane. 

11. Trochanterion: The most lateral part of the greatest tro- 
chanter of the femur. If difficulty is found in palpating for this 
landmark, it will usually be found just below the level of the pubis. 
If it is still palpable with diffieulty, ask the Subject to press his 
legs together, thus relaxing the abduetor muscles of the thighs and 
making the upper border of the trochanters more prominent. 

12. Epicondyles of the elbow: This is the widest part of the 
humerus at the elbow. In locating this landmark, the elbow should 
be bent at approximately a right angle in order to remove the 
muscle masses of the extensors of the wrist fro 
The muscles of the arm should be relaxed. 

13. Epicondyles of the knee: This is the widest part of the 
femur at the knee. In locating this landmark, the knee should be 
bent from 45 degrees to 90 degrees in order tha 
museles may not project out past the epicondyles, 

14. Radiale: This is the notch just at the upper end of the 
radius, between the radius and the humerus, 
found just below the level of the most prominen 
cranon process, and in the depression betw 
part of the ulna and the extensor muscles 

"The description of measurements below 
place of other measurements whieh are n 
anatomieal landmarks, but which are given 
marks on other parts of the body. 


m under the calipers. 


t the hamstring 


It is most easily 
t part of the ole- 
een the most prominent 
of the forearm. 

will give the level and 
ot located over definite 
in relationship to land- 


INSTRUMENTS 
The following instruments are used: 


1. Broca plane: This is a vertical board abou 


it 18 inches wide, 
fixed at right angles to a horizontal board at the bottom and extend- 


at least 2 meters, To this 


At the Iowa Child Welfare 
Research Station a paper measuring seale is used. This scale con- 


D 
divisions on the left edge of the paper in inches and tenths of 


smooth plane without a 
this may be used as the 
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plane. A scale ean be conveniently made by countersinking two- 
meter sticks into the wall or plane. If English equivalents are de- 
sired, yard sticks may be sunk into the wall beside the meter sticks. 

This type of plane has a number of advantages over the fixed 
rod or stadiometer in that it is more solid and gives more points 
for fixation of the body. It presents a still further advantage over 
the anthropometer, which offers diffieulty both in standardizing 
the standing position and in keeping the instrument absolutely 
vertical, 

2, Square: The square consists of two pieces of seasoned wood 
(preferably walnut, buttonwood, or plywood) 18 centimeters by 13 
centimeters, joined at right angles. Within the angle on the 
median line of the two planes is a narrow strip 5 millimeters thick, 
in which is eut an opening through which the hand may be inserted. 
The size of the square may vary a little from the above dimensions. 

3. Measuring board for infants: Figure 4 shows a measuring 
scale for determining the reclining length (crown-heel) and the re- 
clining sitting height (crown-rump) for infants. It was designed 
by Professor Bird T. Baldwin and made in the manual training 
Shop of the University. The scale is 1 meter in length with an ad- 
ditional margin of 4.5 centimeters at one end. The width is 20.5 
centimeters, with a standardized buttonwood millimeter scale on 
one side and an ineh seale on the other. The vertical plane (a) for 


Figure 3. The Square 
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Figure 4. Measuring Board for Infants 


the top of the head to rest against is 15 centimeters at its greatest 
height, and the sliding vertical plane (b) is attached to a brass rod 
(e) which moves freely in a brass groove in such a manner that the 
reading may be taken from either scale. The board is made of 
inlaid walnut and buttonwood or plywood, and the standards on 
which it rests when in contact with the table are covered with heavy 
felt. The scale is aceurate and portable. 

4. Bench: This is used for the measurement of sitting height. 
It must be made of thoroughly seasoned wood to prevent its warp- 
ing and changing height from time to time. Several benehes will 
need to be prepared for different sizes of children. For the small- 
est children, the bench should be 80 centimeters high by 30 centi- 
meters square. For somewhat larger children a bench 40 centi- 
meters high by 40 centimeters square should be used, and for adults 
a 50 centimeter bench is desirable, although the 40 eentimeter beneh 
may be used in the majority of cases. (Figure 5) 

9. Large sliding flat calipers: This is made of a hollow rod 70 
centimeters long, 2.2 centimeters broad, and .8 centimeter thick made 
of well nickeled and welded brass strips and of aluminum branches 
26 centimeters long (in the free) and 3.5 centimeters broad. The 
Hrdlička compass made in Washington, D. C. for the Station has 
been tested by the Bureau of Standards. This compass has been 
made also by Collin in Paris. It may be secured from Dr. Aleš 
Hrdlička, Washington, D. C. or from various instrument houses. 

This metal caliper is light, very serviceable, durable, and accurate. 
It is, however, quite expensive. A number of wooden calipers are 
available, but these are subject to more inaccuracies unless the 


measurements are taken much more carefully, as the wooden arm 
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Figure 5. Bench 


springs more freely than does the metal arm, and these instruments 
are in some cases apt to warp. If, because of the expense, the 
wooden caliper must be used, it should be ordered subject to ap- 
proval after being tested and should be checked from time to time 
for accuracy by measuring some solid substance of known width. 
6. Tapes: Standard millimeter steel tapes should be used. The 
aetory as long as they 


linen tapes sometimes used are entirely satisí 


Figure 6. This illustration shows the large sliding calipers, a pair of 
small sliding calipers for taking face measurements, and a pair of 
eurved calipers for measuring the diameter of the head. 
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do not shrink, and they have the advantage of not being cold to the 
skin. If these are used, they should be tested daily throughout the 
measurement time for shrinkage. Experience with linen tapes in 
this Station has been unsatisfaetory, as'shrinkage has been found 
to be very common. 

Some tapes are made with a spring attachment at one end for the 
purpose of standardizing the pull. These are not recommended at 
this Station. Reasons for this will be given under the diseussion of 
techniques of measurement (p. 118). 

7. Calipers for the measurement of skin and subeutaneous tis- 
sue: Calipers for this purpose were devised by the American Child 
Health Association and are now available from the American Publie 
Health Association, 50 West 50th Street, New York City. It is 
exceedingly important that the springs of these calipers be stand- 
ardized. The calipers as sent out by the manufacturer vary con- 
siderably in tension and no absolute standards have as yet been 
published. This Station has perfected its own standards for these 
ealipers, and they may be applied as follows: 

The fixed arm of the calipers is clamped in a small vise in such 
a way that the arms are horizontal. A plumb bob weighing 327 
grams is hung by a thread over the seeond groove from the end of 
the free arm. This is oscillated up and down and permitted to 
come to a free rest several times in succession. The indicator should 
read 17 on the seale. A second weight of 257 grams is added to the 
first weight and the free arm is again oscillated. The indicator 
should read approximately 35. If the reading differs significantly 
from these figures, the spring should be adjusted and the test re- 
peated until approximately these standards are obtained. 

This standard is diffieult of application since it depends upon 
the weight of two plumb bobs, whieh were purchased locally. How- 
ever, the Iowa Child Welfare Research Station will be glad to test 
the springs of the ealipers for anyone desiring that service, 

8. Scales: Almost any of the standard makes of beam scales are 
satisfaetory. If new scales are being purchased, it is recommended 
that double or triple beam seales be secured, the latter being the 
most desirable. These obviate the necessity for movable weights 
which are not infrequently lost. These scales should be checked 
against the standard weights when purchased, and, if purchased 

` from the manufacturer with a guarantee of accuracy, will almost in- 


oe 
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variably be found entirely accurate. Barring accidents, there is 
little reason to expect scales of the beam type to vary. 

Spring seales differ very much in their dependability. Quite 
satisfactory spring scales ean be purchased, however, which are ae- 
curate to within about half a pound. Some of these can be had with 
a guarantee from the manufacturer. This Station has made use 
of two platform spring scales which have not varied more than half 
a pound in three years.. If this type of scale is made use of, how- 
ever, it should be checked against standard weights before every 
general measuring period, or at least every three months. The 
platform beam scale is, of course, much more satisfactory. 

9. Wet spirometer:. Spring spirometers and others of the so- 
called “dry” spirometers have not been found aceurate enough for 
seientifie work. There are several varieties of wet spirometers, and 
these differ in their accuracy. The most satisfactory type of wet 
spirometer consists of two cylindrical tanks open at one end and 
fitted within each other so that the closed ends form the top and 
bottom of the instrument. The tanks are made of galvanized tin. 
The outer one is 31 centimeters high and has a diameter of 19.5 
centimeters; the inner tank is 29 centimeters high and has a diam- 
eter of 18 centimeters. The outer tank is half filled with water and 
has in the center a 1 inch metal tube that projeets up into the inner 
tank. The base of the instrument is hollow and has three openings. 
On the left-hand side is a pipe with two openings. To one of these 
is attaehed a rubber tube fitted with detaehable wood or glass 
mouth-picces, through which the subject blows. The other opening 
is fitted with a rubber cork for expelling the air after the test. 

The outer tank is fixed between two stationary pipes the same 
height as the tank. Into each of these fit brass tubes 27 centimeters 
high above the stationary tubes. The brass tube on the left is grad- 
uated in eubie inches and eubie deciliters and ean be revolved so 
that the measurement may be read by either scale. A cross bar 
connects the two brass tubes. On each side of the bar is a small 
pulley over which passes a cord attached at one end to a weight of 
3 kilogram which hangs within the brass tube, and at the other 
end to a small hook which is attached to a metal ring on the outer 
edge of the top of the inner tank. Attached to the ring on the left- 
hand side is an indicator by means of which measurements on the 


brass tube are read. On the right-hand side of the outer tank is a 
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hook on whieh the rubber tube is hung when the instrument is not 
in use. 

The wet spirometer operates on the displacement prineiple. When 
the subject blows through the rubber tube, the air enters the hollow 
base and passes up through the pipe in the center of the outer tank 
and causes the inner tank to rise. 

The temperature of the water inside the wet spirometer is very 
important. Sinee the expired air, which is at blood temperature 
and saturated with water Vapor, passes up through the pipe sur- 
rounded by water, if this water is cool, the volume of the air con- 
tracts and some of the water vapor is precipitated out. This may 
reduce the volume of the air as much as 15 per cent. If the water 
is too warm, on the other hand, additional water vapor may be ab- 
sorbed from the water into the air and the air will expand, giving 
a spuriously large volume. Tables for the correction of spirometer 
readings for varying temperatures have been prepared (25), but 
the more satisfactory procedure is to keep the temperature of the 
water the same as the room temperature. This will vary from 25 
degrees to 27 degrees Centigrade. The standards which have been 
prepared at this Station and elsewhere are in terms of water at 


room temperature, so that correction tables need not be used. 


TECHNIQUES OF MEASUREMENT 

1. Weight: Before beginning measurement at any given period, 
see that the scales are balanced. Request the subject to stand in 
the center of the platform of the scales. The weight should be 
taken nude when possible, If the subject is weighed.in some garm- 
ent, the weight of this should be subtracted from the weight shown 
by the scales. In any case, coats, shoes 
removed, 


2. Standing height: The subject stands straight with heels to- 
gether and heels, back of hips, upper part of back, and back of 
head against the wall or Broca plane to which the measuring seale 
isattached. The arms are permitted to hang at the side in a natural 
position and the head is held with the Frankfort plane horizontal, 
The square is placed on the top of the head, care being taken that it 
is parallel to the floor, Press firmly enough upon the vertex to 
press down the hair, then read the height on the scale. During the 
measurement the subject should be requested to ‘‘stand as tall as he 
can," care being taken to see that he does not raise his heels from 
the floor. (Figure 8) 


; and overelothing should be 
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Figure 7. Loeations of Measurements for Figure 8. Measurement of Standing 
Predietion of Normal Weight and of Height 
Limb Girths 
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3. Sitting height: The beneh is placed in front of the scale, 
selecting the bench of the proper height according to the stature of 
the subject. The subject then is seated on the bench leaning for- 
ward with his hips pushed firmly back against the wall. He should 
then cross his feet in front of the bench and straighten up, sitting 
as tall as possible, without tension of his thigh muscles. The hips, 
back of the shoulders, and back of the head should be in the same 
position as when measuring standing height. (The provision which 
suggests that his feet be crossed is for the purpose of releasing as 
much as possible the tension of the gluteal muscles and to permit the 
subject’s weight to settle upon the isehia rather than upon tensed 
muscles.) The height is measured in the same way as described 
under standing height, and the height of the stool is then subtracted 
from this record. : 

4. Shoulder width: The observer stands behind the subject, who 
is instrueted to stand erect with his arms straight and hands held 
closely against his thighs. Using the flat ealipers, the observer 


measures the distance between the two acromia. 


5. Measurements of the chest: In measurements of the chest, the 


subject should stand erect but not rigidly so. The head should be 
held erect, not looking downward. The arms are released and held 
slightly away from the body in order to permit the passing of the 
instrument beneath the arms. 

In measuring chest depth the observ: 
the subject. The measurement is take 
with the movable arm over the xiphoi 
over the back, beneath the 
right arm. The rod shou 
instrument should be held 
the skin no more than nece 


er stands on the right sidé of 
n with the large flat calipers, 
d cartilage. The fixed arm is 
scapulae with the rod passing under the 
ld be perpendicular to the spine. The 
very lightly against the skin, indenting 
ssary. The movable arm of the ealipers 
should follow the exeursion of the chest over three or four respira- 
tions and the midpoint of normal respiration recorded. 

Chest width is also taken with the large flat calipers. The ob- 
Server stands in front of the subject and applies the caliper: 
chest in such a way that the rod lies directly over the xiph 
tilage, with the arms of the calipers perpendicular to the s 
the ends of the arms in front of the 1 
large muscles just behind the axillae), The fixed arm of the calipers 
is at the right side of the chest and the movable arm at the left side. 
The pressure should be as light as possible, and the calipers should 


s to the 
oid car- 
pine and 
atissimus dorsi muscles (the 
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follow the excursion of the chest during normal expiration and in- 
spiration, and the midpoint recorded. 

In measuring circumference of the chest the observer stands in 
front of the subject and passes the tape around his chest so that 
it crosses the front of the chest at the level of the xiphoid cartilage, 
the plane of the tape being at right angles to the spine. This is 
normally almost parallel to the floor. The position of the tape in 
front will be from 2 to 3 centimeters below the large chest muscles 
in the male and very close to the base of the mammary gland in the 
female. The tape should rest against the perimeter of the chest 
only tightly enough to prevent its slipping. (Figure 9) 

In taking chest measurements we have stressed the fact that in- 
struments should rest very lightly against the chest. The purpose 
isto measure the external dimensions of the chest, not to compensate 
for varying degrees of thickness of the skin or fat. These com- 
pensations are made by corrections derived from the fat measure- 
ments. If the spring tape is used, the experience has been that it 
causes the tape to press inward on the skin in varying amounts, 
depending upon the softness of the underlying tissue. Two in- 
dividuals with the same thickness of subeutaneous fat around the 
chest may have a quite different consistency of that fat. In one 


Figure 9. Measurement of Chest Girth 
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case the spring tape may press in with half a centimeter indentation, 
and in another a full centimeter. This would make a difference 
of 3 centimeters in the circumference. 

6. Biiliae width: The measurement is of the maximum ex- 
ternal diameter of the outermost points of the crests of the ilia 
(ilio-eristale), In taking this measurement, the observer stands in 
front of the subject with the face of the blades of the calipers held 
in such a way that the outer edge of the bone is about in the middle 
of the blade. Usually the arms of the calipers are directed from 
before backward and downward. In taking this measurement, the 
observer uses the maximum of pressure that ean be exerted without 
pain to the subject. (Figure 10) 

7. Bi-trochanterie width: In taking this measurement the ob- 
server stands in front of the subjeet, who is instructed to stand with 
his feet together from heel to toe. The blades of the flat calipers 
are placed over the trochanters, just touching the skin, without 
pressure, (This measurement is used only for the purpose of com- 


Figure 10, Measurement of Bi-liae Width 
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parison with the bi-iliae measurement to obtain a rough measure- 
ment of the fat over the trochanters. It should not be confused 
with the other standard bi-trochanteric measurement in which 
pressure is used for a measurement of the width of the hips.) 

8. Elbow width: The subjeet raises the left arm forward to the 
level of the shoulder and flexes the forearm upward to a right angle. 
The blades of the flat calipers are applied over the epicondyles of 
the elbow with the blades biseeting the angle of the elbow and in 
the plane of the forearm and upper arm. As mueh pressure is 
used as ean be borne by the subjeet without pain. (Figure 11) 

9. Width of knee: The subjeet places the left foot on a stool 
in order to bend the knee to something near a right angle and to 
relax the muscles of the leg. The observer stands in front of the 
subjeet and applies the blades of the flat calipers to the epicondyles 
of the femur so that the blades bisect the angle of the leg and àre 
parallel to the plane formed by it. Maximum pressure is used. 
(Figure 12) 

10. Girths of limbs: In measuring the girths of the limbs the 
steel tape is used, in every case applied as lightly as possible to 
avoid indenting the skin. 


Figure 11. Measurement of Elbow Figure 12. Measurement of Knee Width 
Width 
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In measuring the girth of the upper arm the left arm is held 
downward and straight and very slightly separated from the body. 
The tape is passed around the arm approximately halfway between 
the acromion and radiale at the largest part of the arm. If in 
doubt as to the place, the subject may be requested to flex the 
elbow, noting the point of greatest bulge over the biceps. The tape 
is then plaeed at this point after the arm is again straightened. 


Figure 13. Measurement of Girth of Figure 14. Measurement of Girth of 
Upper Arm Forearm 


The plane of the tape is at right angles to the line of the humerus. 
(Figure 13) 

The tape is placed around the greatest diameter of the forearm 
muscles with the hand opened when the girth of the forearm is 
measured. This is just about at the level of the radiale. While the 
measurement is taken, the elbow must be straight. (Figure 14) 

In thigh girth the subject stands with his feet about 1 foot apart 
(less in small children), with the weight evenly distributed on both 
legs. The tape is passed around the thigh at right angles to its 
long axis, just below the gluteal fold behind. (Figure 15) 


Girth of the calf is measured at the largest point of the ealf with 


the weight evenly distributed on both feet. (Figure 16) 
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Figure 15. Measurement of Girth of Figure 16. Measurement of Girth of 
Thigh Calf 


It is the custom to take all limb measurements on the left side. 

11. Measurements of skin and subcutaneous tissue: The tech- 
nique for this measurement employed at the Iowa Child Welfare 
Research Station differs in some respects from that published else- 
where (17, p. 108-110). The observer grasps a double layer of 
skin and subeutaneous tissue with the thumb and forefinger of the 
left hand, with the thumb and forefinger pointing toward each other. 
(See Figure 17) This fold of skin should be large enough to get 
a complete double layer, but not so large as to get so much skin 
and fat as to cause too great an amount of tension beyond the 
finger tips. The fold of skin and fat is held somewhat loosely while 
the calipers are applied in such a way as to be about 2 millimeters 
above the ends of the thumb and fingers. The spring is then re- 
leased and the calipers held down against the fold of skin to pre- 
vent its slipping away, and the measurement is recorded. (See 
Figure 17) 

The fat measurement on arm front is taken over the center of the 
biceps muscle of the left arm with the arm straight. The blades of 
the calipers are parallel to the long axis of the arm and are applied 
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Figure 17. Measurement of Skin and Subeutaneous Tissue 


(3 pictures) 
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midway between the acromion and the radiale. In obtaining such 
a measurement at the back of the arm the calipers are applied mid- 
way between aeromion and radiale over the midpoint of the triceps 
musele with the arm straight and downward and the blades parallel 
to the long axis of the arm. 

In taking the fat measurement of chest front the calipers are ap- 
plied to the skin at the level of the xiphoid cartilage and approx- 
imately halfway between the sagittal planes passing through the 
sternum and tangent to the side of the chest. The blades of the 
calipers are vertical. In the chest back measurement the calipers 
are placed at the level of the plane of the xiphoid cartilage over the 
most prominent part of the back muscles. The blades of the calipers 
are vertical. 

In the abdominal fat measurement the blades of the calipers are 
placed over the front of the abdomen, midway between the thelion 
and omphalion, just over the border of the rib cartilages. The 
blades of the calipers are parallel to the line from thelion to ompha- 
lion. 

For the supra-iliae measurement the ealipers are applied just 
above the crest of the left ilium in a line vertically downward from 
the left armpit. The blades of the calipers are vertical. 

In all of the above fat measurements, the measurement is com- 
monly taken on the left side. 

The fat measurement, hip difference, is seeured by subtracting 
the bi-iliae hip measurement, corrected for fat, from the bi-tro- 
ehanterie measurement taken without pressure. 

Breathing capacity: Using the wet spirometer, with the water 
temperature from 25 degrees to 27 degrees Centigrade, the subjeet 
is instructed to take as deep a breath as possible and to exhale it as 
completely as possible through the tube into the spirometer. The 
subject takes at least three trials and continues as long as the record 
is inereasing. 
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